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The Ascorbic Acid and Carotene Content of some 
Australian Fruits and Vegetables* 

I. introduction 

From 1942 to 1945 a considerable number of ascorbic acid 
determinations were carried but in the laboratories of Commonwealth 
Food Control and the Council for Scientific and Industrial Research. 
These determinations were made in connexion with the supply of food 
to the Services, and were directed primarily to ensuring maximum 
retention during processing. Some determinations of carotene were 
made during the same period. These data may be of general interest 
in the field of nutrition, and are here presented. 

Determinations of ascorbic acid by Commonwealth Food Control 
were made in every State. In addition, the Division of Food 
Preservation and Transport of the Commonwealth Council for 
Scientific and Industrial Research carried out many ascorbic acid 
determinations in the laboratory at Homebush, New South Wales. 
All the carotene determinations were made in this laboratory. 
Additional ascorbic acid data weare obtained in Tasmania by the 
Division of Plant Industry, Council for Scientific and Industrial 
Research. 


2. Procedure 

Ascorbic acid was determined by the usual procedure, i.e. 
extraction with 3 per cent, metaphosphoric acid and titration with 
2, 6-dichlorophenolindophenol. Carotene was determined by the 
procedure of Austin and Shipton (1944) f. 

The data are presented in Tables 1 to 5. Both ascorbic acid and 
carotene are expressed as mg. per 100 g. (The usual procedure is 
to regard 1 mg. of ascorbic acid as equivalent to 20 International 
Units (I.U.) of vitamin C, and 1 mg. of /J-carotene as equivalent to 
1667 I.U. of vitamin A.) In many cases, the tables provide all the 
essential information, but for some products additional notes are 
provided in the text. 

The data given in the tables represent, as far as possible, random 
samples of each product. In most the figures are for com- 

mercial material which has been received for examination or fresh 
material for processing experiments. It should be approximately 

♦ Compiled from data obtained in the laboratories of Commonwealth 
Food Control and the Council for Scientific and Industrial Research. 

t Austin, C. R., and Shipton, J. (1944). — J. Coun. 8ci, Ind. Res, (Aust.) 
17: 115. 
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representative of material passing into consumption during the period 
of the determinations. All the processed material was analysed soon 
after processing. Subsequent storage often involves some loss of 
vitamin. Data derived from variety trials are generally excluded from 
this paper. Such trials usually involved only a few determinations 
for each of a large number of varieties, many of which are only of 
minor importance commercially and cannot be regarded as 
representative. 

The tabulated data refer to the portion of the product which Is 
normally consumed, such as the solid portion of canned foods (except 
juices). The individual determinations are quoted where not more 
than ten samples were analysed. Otherwise, the data are summarized 
by giving the mean and standard deviation (S.D.). 

In almost all cases where the mean and standard deviation are 
quoted the distribution of the values was approximately normal. 
Among the important consequences of this are that the mean can be 
taken as the most representative value and that approximately 95 per 
cent, of the values fall in the range — Mean ±: 2 x S.D. 

Cases where the distribution departed markedly from the normal 
form are indicated in the text. Moi^t of the dehydrated products 
gave non-normal, flat-topped distribution curves. In such caces the 
total range would be over-estimated if normality is assumed. 

Significant differences between States appear in some products. 
The origin of these differences is usually uncertain, as it involves 
many factors such as climate, soil, cultural practices, and variety. 
With processed foods, processing practice may have differed sig- 
nificantly from State to State. 

Hie maximum percentage moisture in the dried products is as 
follows: cabbage, 4; carrots, 5; potatoes, 7; silver beet, 4. 

3. Ascorbic Acid in Fruit Products (Tables I, 2, and 3) 

(i) Apples. 

In a variety trial of fresh apples in Tasmania in 1944, the Sturmer 
variety was found to have a much higher ascorbic acid content than 
any other of the main varieties. Following are the figures for ascorbic 
acid (as mg./lOOg.) in whole fruit (including skin). 

Alfriston — 11. 

Cleopatra — 14. 

Cox’s Orange Pippin — 9, 12, 12. 

Crofton — 11. 

Delicious — 9, 11. 

Democrat — 11, 13. 

French Crab — 6, 14, 15. 

Granny Smith — 10. 

Jonathan — 11. 

Sturmer (17 samples) — ^Mean 25 -5, S.D. 1*1. 

The data for canned apples (mean 8*5, S.D. 4*2) are derived from 
a skew distribution. In this case the median is 7*9 and the range 
0*5-18-6. 
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(li) Blackcurrant Products, 

Neither canned fruit nor canned pulp are normally consumed 
as such. Unsweetened blackcurrant is excessively sour, and hence 
this fruit is usually consumed as jam or syrup. The bulk of the 
blackcurrant pulp is processed again into jam or syrup. 

(iii) Grapefruit Juice, Canned. 

The figures do not differ significantly from State to State. 

(iv) Lemon Juice, Canned, 

The figures for New South Wales were above, and those for 
Queensland were below, the average for all the States. 

(v) Orange Products. 

The figures for canned orange juice show a very definite monthly 
variation (Table 2). There is a gradual decline from August to 
February in all States except Queensland. In the latter State, 
common oranges predominated in the varieties processed and the 
season practically finished at the end of September. 

This decline is almost certainly due to the seasonal decline in 
late Valencia oranges. Except in Queensland, Navel oranges pre- 
dominated before and Valencia oranges after September. This has 
been shown by studying the monthly variation in ascorbic acid 
content of fresh oranges from the Commonwealth Research Station, 
Griffith. New South Wales, during 1944 and 1945. 

The determinations were made about the middle of each month. 
The figures given in Table 3 represent the average for two years. 
The juice from Washington Navel oranges did not vary appreciably 
in ascorbic acid content during the usual picking period (May to 
September), but the late Valencia orange juice declined steadily in 
ascorbic acid from August to February. The Navel juice is generally 
most palatable in August and the Valencia juice in October. 

Figures for inner and outer rind are given in Table 3. The 
inner rind includes “ rag,'* i.e. pith and segment walls which are left 
after pressing out the juice. The ascorbic acid content of the rind 
increased during the season in Navels, but decreased considerably 
in Valencias. The outer rind was particularly high in ascorbic acid. 
In both varieties, maximum ascorbic acid was approximately 
associated with maximum orange colour of the rind. Although not 
eaten fresh, the rind can contribute quite, an appreciable level of 
ascorbic acid to orange jam and marmalade. By taking precautions 
to reduce loss, Huelin and Stephens (1944)* have prepared 
“ marmalade mixture ” containing 20 mg. of ascorbic acid per 100 g. 
almost entirely from rind and “ rag.” 

(vi) Pineapple Juice, Canned. 

The figures for ascorbic acid are derived mostly from the Smooth 
Cayenne variety. The Ripley Queen, which is mostly consumed 
fresh, is more than twice as rich in ascorbic acid. The mean figures 

* Huelin, F. E., and Stephens, I. M. (1944). — Aust. Food Mannf, 13 (7): 2. 
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over the whole season do not give a complete picture, as there is 
quite an appreciable difference between the summer and winter crop. 

Summer crop (Feb.-May): Mean 8*7, S.D. 1«6. 

Winter crop (June-Oct.): Mean 13-1, S.D. 2*4. 

4. Ascorbic Acid in Vegetable Products (Table 4) 

(i) Cabbage. 

The data for fresh cabbage given in Table 4 (mean 58-1, S.D. 13*0) 
are derived from a bimodal distribution with maximum alx)ut 58 and 
subsidiary peak about 35. These figures are for the portion usually 
consumed, i.e. with the outer green leaves removed. The outer 
portion is, however, definitely richer in ascorbic acid, as shown by 
the following determinations: 71, 91, 106, 108, and 133 mg./lOO g. 

Dried cabbage (mean 327, S.D. 110) gives a fiat-topped distribution 
from 150 to 500 with median about 350. 

(ii) Peas, Green, Canned. 

The data from New South Wales give a flat-topped distribution 
with median of 11. 

(iii) Potatoes, Dried. 

The data for dried potatoes give non-normal, flat-topped 
distribution curves. 

(iv) Tomato Products, Canned. 

The tomato products show a slight seasonal variation, the mid- 
season (Feb.-March) samples being slightly higher in ascorbic acid 
than later (April-June) samples. The average difference is about 
1 mg. per 100 g. 

The figures from Victoria and Western Australia are significantly 
higher than those from New South Wales and South Australia. The 
Tasmanian figures are significantly lower than those from the other 
States. 


5. Ascorbic Acid in Rose Hips 

The analyses of rose hips are not given in the tables, which are 
confined 'to what are commonly regarded as fruit and vegetable 
products. Rose hips, however, are extremely high in ascorbic acid, 
and extracts can be added to other products to increase the ascorbic 
acid contents. The following data are available from three States: — 

Victoria — 453, 483, 495 mg./lOO g. 

New South Wales— 517, 543, 553, 560 mg./lOO g. 

Tasmania— 561, 652, 674, 780, 781, 816, 833 mg./lOO g. 

6. Carotene in Fruit and Vegetable Products (Table 5) 

Carrots, Dried. — These figures should be used with caution, as they 
are derived by different processing techniques from a relatively small 
number of trash samples. 
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Table 1. — ^Ascorbic Acid in Fruii Products. 


Ptoduct. 

State. 

Number 

of 

Samples. 

Ascorbic Aold (mg./lOO g.). 

Apples, Canned 

Tasmania 

31 

Mean 8-6, S,D. 4*2 

Blaokcurrants, Canned . . 

Tasmania 

27 

Mean 107-6, S.D. 13-6 

Blackcurrant Pulp, Canned 

Tasmania 

217 

Moan 163-4, S.D. 21-7 

Gk)OBeberrieB, Canned 

Tasmania 

33 

Mean 24*0, S.D. 3*6 

Grapefruit Juice, Canned* 

Victoria 

183 

Moan 40*6 

Grapefruit Juice, Canned* 

New South Wales 

131 

Mean 39*6 

Grapefruit Juice, Canned* 

Queensland 

21 

Mean 40*4 

Grapefruit Juice, Canned* 

finith Australia 

29 

Mean 39*1 

Grapefruit Juice, Canned* 

Total . . 

364 

Mean 40-1, S.D. 6-8 

Lemon Juice, Canned* . . 

Victoria 

9 

Mean 39*0 

Lemon Juice, Canned* . . 

New South Wales 

201 

Mean 42*7 

Lemon Juice, Canned* . . 

Queensland 

63 

Mean 34*6 

Lemon Juice, Canned* . . 

^uth Australia 

31 

Mean 38*8 

Lemon Jmoo, Canned* . . 

Total . . 

304 

Mean 39*2, S.D. 6*0 

LoganberrieB, Canned . . 

Tasmania 

10 

C, 9. 10, 12, 12, 13, 14, 16, 17, 
21 

Oiange Juice, Canned* . . 

Vutoiiti 

272 

M ,n 63-2, S.D. 9-7 

Orange Juice, Canned* . . 

New South Wales 

1,000 

Mean 66-4, S.D. 7-2 

Orange Jmeo, Canned* . . 

Queensland 

205 

Moan 66*0, S.D. 6*1 

Orange Juice, Canned* . . 

^uth Australia.. 

245 

Mean 63*0, S.D. 6*0 

Orange Juice, Canned* . . 

Total .. 

1,722 

Mean 64*9, S.D. 7*3 

Pmeap})lc Juice, Canned* 

Queensland 

1 

1S3 ^ 

Mean 11*0, S.D. 3*0 

Raspberries, Fresh 

Tetsmania 

13 

Moan 19*1, S.D. 6*4 


• Ascortnc acid expressed ing./lOO ml. 
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Tablb 2.— Monthly Vabution in Ascorbic Acid in Cannsd Obangb 

JCICB. 


State. 

Month Canned. 

Number of 
Samples. 

Ascorbic Add (mg./ 100 ml.). 

Mean. 

8.D. 

Victoria 

June 

26 

670 

6*3 


July 

21 

68*2 

3*6 


August . . 

27 

61*8 

7*7 


September 

21 

61-6 

6*8 


October . . 

28 

690 

7*0 


November 

36 

68-8 

6*6 


December* 

34 

62*7 

6*6 


January . . 

40 

46-3 

6*2 


February 

38 

38-4 

6*2 


March 

2 

33-4 

* * 

New South Wales 

June 

45 

641 

6*0 


Jul> 

117 

64*9 

6*2 


August . . 

128 

62-5 

7*4 


September 

04 

66-6 

8*3 


October . . 

134 

66-4 

6*8 


November 

191 

66-2 

6*9 


December 

121 

66-0 

6*0 


January 

142 

60-4 

6*0 


February 

28 

46*9 

6*0 

Queensland . . 

May 

21 

66-8 

6*1 


June 

26 

60-6 

6*7 


July 

61 

64-6 

6*1 


August . . 

46 

69-0 

3-7 


September 

41 

67*2 

3-4 


October . . 

9 

04-7 

2*3 


November 

1 

68*4 

• * 

South Australia 

June 

29 

67-9 

3*4 


July 

44 

66*3 

2*2 


August . . 

61 

66*8 

2*9 


September 

46 

63-7 

4*2 


October . . 

16 

64*4 

4*3 


November 

21 

601 

3*7 


December 

16 

48*3 

6*0 


January .. 

9 

46-1 

6 4 


February 

3 

• 40*1 

* • 
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Table 3. — Monthly Vabiation in Ascorbic Acid in Fresh Oranges 
FROM Griffith, New South Wales. 




Ahcorbic Acid in- 

- 

Variety. 

Month Picked. 

Juice 

Inner Kind 

Outer Hind. 



(ni^f /l(K) ml.) 

(mg /lOO g.). 

(mg./lOO g.). 

Washington Navel 

April 

72 

64 

193 

May 

67 

65 

211 


June 

69 

85 

278 


July 

68 

84 

268 


August . . 

68 

89 

280 


Heptember 

74 

125 

325 

Late Valeni‘ia J 

August . . . . 

70 

1 

83 

260 


September 

67 

84 

236 


Octol)or . . . . 1 

64 

59 

218 


November 

61 

56 

216 


December 

55 

48 

183 


January . . 

51 

1 40 

141 


February 

48 

j 36 

119 


* Table 4. — Ascorbic Acid in Vegetable Products. 


Product . 

State. 

Number 

of 

Samples 

Ascorbic Acid (mg./lOO g.). 

Asparagus, Canned 

New South Wales 

10 

10, 11, 12, 13, 14. 19, 19, 23. 
23, 24 

Cabbage, Fresh 

New South Wales 

77 

Moan 68-1, S.D 13-0 

Cabbage, Canned 

New South Wales 

65 

Moan 13*9, S.D. 6*9 

Cabbage, Canned 

Tasmania 

99 

Mean 13-2, S.D. 2*5 

Cabbage, Dried 

New South Wales 

94 

Mean 327, S.D. 110 

Carrots, Canned 

New South Wales 

18 

Mean 3 -.3, S.D. 1-4 

Parsnips, Canned 

New South Wales 

18 

Mean 3-8, S.D. 2-9 

. 

Peas, Green, Canned 

New South Wales 

38 

Moan 11-4, S.D. 7-7 

Peas, Green, Canned 

Tasmania 


Moan 13-4, 8.D. 1<6 

Potatoes, Fresh 

Victoria 

' 34 


Potatoes, Fresh . , 

New South Wales 

20 


Potatoes, Fresh 

Tasmania 

48 


Potatoes, Fresh 

Total . . 

102 

Mean 14-4, S.D. 6-0 

Potatoes, Dned 

Vic*toria 

32 


Potatoes, Dried 

.New South Wales 

21 


Potatoes, Dried .. 

Tasmania 

46 


Potatoes, Dried 

Total . . 1 

99 

Mean 30*6, S.D. 23*0 
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Table 4. — ^Ascorbic Acid in Vegetable Products — continued. 


Product. 

State. 

Number 

of 

Samples. 

Asoorbio Acid (mg./100g.) 

SUver Beet, Fresh 

New South Wales 

10 

26, 26, 28, 28, 29, 31, 32, 33, 
36, 50 

Silver Beet, Canned 

New South Wa.es 

16 

Mpan 8-6, S.D. 6’2 

Silver Beet, Dried 

New South Wales 

10 

78, 82, 101, 117, 121, 126, 
132, 229, 261, 343 

Tomatoes, Fresh 

Tasmania 

29 

Mean 22-3, S.D. 4*9 

Tomatoes, Canned 

Victoria 

1,346 

Mean 21-7, 8.D. 3-1 

Tomatoes, Canned 

New South Wales 

538 

Mean 17-6, S.D. 3-7 

Tomatoes, Canned 

South Australia. . 

106 

Mean 18*0, S.D,' 2*6 

Tomatoes, Canned 

Western Australia 

112 

Mean 22-9, S.D. 2*9 

Tomatoes, Canned 

T asmania 

198 

Mean 13-9, S.D. 31 

Tomatoes, Canned 

Total . . 

2,299 

Mean 20-1, S.D. 41 

Tomato Juice, Canned* . . 

Victoria 

1,646 

Mean 20-1, S.D. 3*7 

Tomato Juice, Canned* . . 

New South Wales 

834 

Moan 17-3, S.D. 4-0 

Tomato Juice, Canned* . . 

South Australia. . 

63 

Mean 18 0, S.D. 1*9 

Tomato Juice, Canned* . . 

Western Australia 

228 

Mean 20*2, S.D. 2-4 

Tomato Juice, Canned* . . 

Tasmania 

21 

Mean 13*7 

Tomato Juice, Canned* . . 

T’otal . . 

2,691 

Moan 19*2, S.D. 3*9 

Tomato Pulp, Canned . . 

Victoria 

1,825 

Mean 21*0, S.D. 4*3 

Tomato Pulp, Canned . . 

New South Wales 

349 

Mean 18*3, S.D. 4*5 

Tomato Pulp, Canned . 

South Australia. . 

143 

Mean 14*9, S.D. 4*3 

Tomato Pulp, Canned . . 

Tasmania 

209 

Mean 13*8, S.D. 3*4 

Tomato Pulp, Canned . . 

Total . . 

2,626 

Mean 19*7, S.D. 6*1 


* Ascorbic acid \i)ies««ed as mg /lOO ml. 


Table 5. — Carotene in Fruit and Vegetable Products. 


Piodiict . 

Stati 1 

Number 

of 

Samples 

Caiotcm (ing /ICX) g.) 

Apricots, Dried 

1 

New SouUi AValofe 

8 

7-6, 7-7, 8-2, 8-8, 10-7, 
10-8. 10-9, 11-0 

Carrots, Fresh 

New South Wales 

13 

Mean 15-07, S.D. 2-48 

Carrots, Dried 

New South Wales 

81 

Mean 135-0, S.D. 19-3 

Silver Beet, Fresh 

New South Wales 

10 

2-8, 4*6, 4-8, 61, 6*7, 6-7, 
6*7, 6*8, 6-8, 6-2 

Silver Beet, Dried 

Now South Wales 

9 

37*3, 41*8, 41-8, 43*7, 46*8, 
61*9, 63*0, 63*5, 54-8 
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A Survey of Insect Pests and Details of Insecticide Trials 
on Army Farms in the Northern Territory 

By G. A. H. Hdson, M.Sc* 

Summary. 

A survey of insect pests attacking fruit and vegetable crops was made 
on Army farms in the Northern Territory during the “dry” season, 1945. 
Twenty-two insect pests and one nematode were identified attacking crops 
at this time. The most important pests were corn earworm, Heliothis 
ar^iiigera Hubn., centre grub, Hellula undalis Fabr., and cabbage moth, 
Plutella maculipennia Curtis. 

Insecticidal experiments for the control of these pests were made using 
crude hexachlorocyclohexane (666), DDT, and synthetic cryolite. Some of 
these experiments could not be completed, but sufficient evidence was 
obtained to show that all of them were effective and that the most useful 
of these was DDT used as a spray or as a dust. 

I. Introduction 

In 1940 Army Farm Units of the Australian Army Service Corps 
acquired a neglected peanut farm consisting of 107 acres at Adelaide 
River, Northern Territory, and thus began a series of farms which 
eventually extended from Spinnifex, in Central Australia, to Coomallio 
Creek, in the Northern Territory. These farms were developed to 
meet the increasing demand by service personnel for fresh vegetables, 
fruit, and poultry which followed the progressive development of 
hostilities in the tropical regions of Australia and the islands to the 
north. A description of these farms and the crops they produced has 
been given by Kjar (1945). 

The main farms were established at Adelaide River (130 acres), 
and at Katherine River (120 acres). The Katheiine experiment farm 
was begun early in 1944, when 16 acres of virgin bush typical of the 
river fringe land was cleared and developed into the 1st Australian 
Experimental Farm by the 1st Australian Experimental Farm Platoon. 
This farm was established to aid agriculture in the Northern Territory, 
a policy which is being continued by the Council for Scientific and 
Industrial Research, which has acquired the farm. 

The initial crops grown on the farms were not troubled by insect 
pests to any great extent, but as time went on, with new areas being 
brought under cultivation and old ones extended, the crops were 
attacked by endemic insects and particularly by pests introduced on 
fruit and vegetables imported for Service ne^s. In order to advise 
the personnel on the latest methods and insecticides for the control of 
Insect pests, a survey was arranged, and this gave a unique opportunity 
of observing the pests, their effect on crops, and the methods of control 
in use. Many of the crops were being grown on a large ^cale in the 
Northern Territory for the first time. The survey was made during 
the middle of the “ dry ” season of 1945, at the height of the growing 
period, and while it is by no means complete, the survey does include 
all the principal pests occurring on crops which were grown at that 
time. 


* An officer of Division of Economic Entomology. 
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Aa it Is anticipated that many of the crops grown during the war 
will continue to grown in the Northqn Territory in the future, it 
seemed desirable that the results of the survey idiould be published for 
future reference. The present paper records these, and describes some 
fleM experiments carried out to test the effectiveness of DDT, crude 
hexachlorocyclohexane (666), and S3mthetic cryolite against the pests 
of cabbages and tomatoes, and to test the usefulness of a mixture of 
didiloropropane and dichloropropylene as a fumigant for the control 
of root'knot eelworm, Heterodera marioni (Cornu), which had become 
troublesome in seedbeds at Adelaide River. 

2. Results of the Survey 

The survey was made on all farms being worked in 1945 at 
Katherine River, Adelaide River, and Coomallie Creek. The insects 
which were collected and identified, and the hosts from which they 
were taken are set out in Tables 1, 2, and 3. 


Table 1. — ^Insects Recorded Attacking Crops at Katherine River, 
Northern Territory — July, 1945. 



In^pct Pest. 

Crop Attacked. 

Scientific Name. 

Common Name. 

Beetroot 

HeJlula undalia Fabr. 

Uymenia recurvaUa F. 

Centre grub 

Beet webworm 

Cabbage 

Hdiothis armigera Hubn. 

H. undalta 

Plutella mctcuUpenms Curtis 

Agrotia sp. 

Com earwoim 

Centre grub 

Cabbage moth 
[ Cutworm 

French bean 

Agromyza pJiaaeoh Coq. 

1 

Bean fly 

Grain sorghum . . 

H. armigera 

Aphis fnaidib Fitch 

Cum carworm 

Cora aphis 

1 

Lablab bean . . | 

Unidentifieci immature forms only 

Bean leaf miner 

lettuce . j 

Em2>o(t8ca j>p. 

Croat ua argentata (Evans) 

Green jassid 

Brown jassid 

I 

Papaw . . 

Coccidae, unidentified 

Sphingidae, unidentified larval form 
only 

Scale insect 

Hawk moth 

Potato 

Ononmoschema operculeUa (Zell.) 

Potato moth 
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Table 1 — continued. 


Crop Attacked. 

Insect Peat 

Sdentlflc Kame. 

Common Name. 

Pumpkin 

Epilachm 2S-pwtciaia 

Ceraiia hilaris Boisd. 

Bhaphtdopalpa palmeratoni Blkb. 

Ijoaf-eating ladybird 
Pumpkm beetle 
Pumpkm beetle 

Sweet com 

R. armigera 

A, maidts 

Com oarworm 

Com aphis 

Sweet potato 

Empoasca sp. .. . . I 

Sphmgidao, unidentified laival form | 
only 1 

Gieen jasbid 

Hawk moth 

Tobacco 

1 

0. operculella . . . . . . 1 

H. armigera 

Thrip^ tahaci Lind. 

Ueliothrtpa haemorrhotdaha Bouche . 
Empoaaca sp. 

O, argentata 

1 

Potato moth 

Com eaiworm 

Tobacco thrips 
Greenhouse thnps 

Green jassid 

Brown jassid 

Tomato 

1 

H, armigera .. . 1 (V)m oarworm 

Coccidae, unidentified .. I Scale insect 

Table 2. — Insects Recorded Attacking Crops on Army Farms, 
Adelaide River, Northi^n Territory — July, 1945. 

Crop Attacked 

Pest 

Sciontifle Name (. oinmon Name 

Cabbage 

H, undalis 

H armigera 

P. macultpennia 

Centre giub 

Com oarworm 

Cabbage moth 

Cucumber 

1 C, h liana . . . . . . . ' Pumpkin beetle 

1 R. palmeratoni ... . Pumpkin l)eetle 

1 

Citrus . . 

AonidieUa aurantii Mask 

Saisaetia oleae Bom. 

Lepidoaaphea beckii (Newm ) 

1 Bed scale 

1 Bioun scale 

1 Mussel bcale 

Papaw . . 

Hekrodera manoni (Cornu), 

Root knot eelworm 

Tomato 

1 

H. armigera . . . . . . | Coin earwoim 

H, manoni . . . . . . Boot knot eelworm 
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Table 3.— Iksbcts Recorded Attacking Crops Grown on Army 
Farms at Coomalub Cwsbk---July, 1945, 



Insect Pest. 

Ctop AtUidLed. 

Sdentlflo Name. 

Oommon Name. 

Beetroot 

jET. undal%a 

H, recurvalia 

Centre grub 

Beet webworm 

Gucambers 

0, h%laria 

JR. palmerdoni 

0, argerUaia (Eyam) 

Aphis gossypii Glover 

T. tabaci 

BaploihHps sp. 

Pumpkm beetle 
Pumpkin beetle 

Brown jassid 

Melon aphis 

Tobacco thrips 

Black thrips 

Tomato 

H. armigera 

T. tabact 

Com earworm 

Tobacco thrips 


Twenty-two insect pests and one nematode were identified attacking 
crops grown on the Army farms at the time of the survey. The most 
important insect pests at this time were corn earworm on tomato 
crops, and centre grub and cabbage moth on cabbage crops. A very 
careful search was made for aphids, and, although the hosts of many 
species were grown on the farms, only two species were found, the corn 
aphis on grain sorghum and sweet corn, and melon aphis on curcurbits. 

In addition to the insects listed from Katherine River (Table 1) tlie 
immature forms of a Pentatomid bug, of a Tingid bug observed 
feeding on the cotton bolls, and adults of a Pyrrhocorid, Astemma 
dngulatus (Fabr.), were collected from cotton plants. An unidentified 
Tanypezid fly was also reared from decaying bananas. One tomato 
crop at a Katherine River farm was seriously affected by com earworm 
which migrated from a crop of sweet com grown on an adjacent field 
during the “ wet season, and harvested after the tomatoes had been 
transplanted. Sweet potato crops, in the same area, were seriously 
attacked late in the season by hawk moth and green jassids. Although 
the brown jassid, which transmits tobacco yellow dwarf virus disease 
in southern States, was present, this virus disease was not seen in 
tobacco crops at the time of the survey. 

At Adelaide River cabbage centre grub, com earworm, and cabbage 
moth heavily infested a crop of cabbages, which was saved by treat- 
ment with 2 pm cent. DDT dust In July, followed by a 0-1 per cent. 
DDT solvent haphtha emulsion applied by a power sprayer in August. 
Two species of pumpkin beetles were particularly troublesome on 
cucumbers and melons, and their control with arsenate of lead dust 
w^ diflacult. Beet webworm was a serious pest of seedling beetroot, 
cases killing the young plants. The green tree ant, 
O&iop'hylia virescens Fabr., while perhaps not a pest in the usual 
sotse of the word, did select citrus trees at Adelaide River for its 
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nests, and the black passion bug, Leptogloasua bidentatua Montr., 
attacked a species of Ahutilon which was being grown on wind breaks. 
The presence of root-knot eelworm in the seed-beds in this area was 
so serious that tomato seedlings were obtained from Katherine River 
for transplanting in the field. Papaws also suffered severely from 
this pest, and the plantations were very short lived and yielded 
poorly. 

Cucumber and melon crops at Coomallie Creek, like those at 
Adelaide River, were seriously affected by two species of cucumber 
beetle, and beet webworm killed many seedling beetroot plants. Only 
one tomato plant infected with root-knot eelworm was found in this 
area. Cabbage crops were affected by centre grub and corn earworm, 
but the severity of attack was not as bad as at Adelaide River. 

3. Insecticide Experiments 

The profuse and rapid growth of vegetables under warm, tropical 
conditions, and the large areas involved in the Northern Territory, 
rendered adequate control of insect pests difficult with the usual types 
of insecticides. By 1944 it was apparent that there was an urgent 
need for some rapid mechanical means of applying insecticides to 
large areas and that more effective insecticides were desirable. 

A power row-crop sprayer had already been developed in Canberra. 
This sprayer consisted Of an ordinary type of power orchard sprayer 
with a 100-gallon vat, and was adapted to take a six-row crop spray 
boom to which eighteen cyclone, hollow-cone nozzles were attached in 
such a way that there were three nozzles to each row of plants. Two 
of the nozzles sprayed horizontally and slightly upwards, and the third 
nozzle sprayed vertically downwards on to the top of the crop. In 
this way a very efficient cover of the plants with the spray material 
was obtained. Two orchard type spray plants were available in the 
Northern Territory, and these were adapted in this way and were used 
to treat the tomato and cabbage crops on the farms in 1945. Power 
dusting machines could have been obtained for use on the farms but 
this was unnecessary because of the success of the power row-crop 
sprayers. Such dusts as were necessary, and all dusts in the 
experiments, were applied by means of a knapsack duster. 

Tests had already shown that DDT was very effective against com 
earworm, centre grub, and cabbage moth (Helson and Greaves, 1945). 
Other tests had suggested that synthetic cryolite might be useful 
should lead arsenate supplies become scarce, and small quantities of 
crude hexachlorocyclohexane (666), were also available for testing. 
All these materials were included in the field trials in the Northern 
Territory in 1945. 

(i) at Katherine River. 

The jMAlS were made at the 1st Australian Experimental Farm at 
Katherine dn a block of 720 cabbages, and a block of 240 tomatoes 
planted for the purpose. The cabbages were used to test the usefulness 
of the insecticides against cabbage moth, corn earworm, and centre 
grub, and the tomatoes were used to test their efficiency against com 
earworm. 

C.12900/4S— 2 
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the cabbage trial the area was divided into six randomized blodis 
each containing six plots, with twenty plants per plot. Tbe plants 
were transplanted on 23rd July, 1945, and vrere spaced at 2-foot 
Intervals within the rows with 4 feet between eadi row. Six 
treatments were included in the trial: — 

1 and 2 per cent. 666 “ pyrophyllite ” dusts; 

0*5 and 1 per cent. DDT " pyrophyllite ’’ dusts; 

40 per cent, synthetic cryolite with “ pyrophyllite ” dust ; 
control. 

These were applied with a knapsack duster at the rate of approxi- 
mately 35 lb. to the acre. The first application was made on 14th 
August, and three subsequent applications followed at 10-day intervals. 

At the end of September none of the plants was injured by com 
earworm, but cabbage centre grub attack had begun. Accordingly 
each plant in the plots was rated for centre grub damage on a five-point 
scale, as described by Greaves (1945). These ratings are given in 
Table 4. 

Tabus 4. — Ratenq fob Damaqz by H . undalis to Cabbaqbs at 
Kathbbinb, Northern Territory, and Mean Rating for 
Damage per Treatment, 30th September, 1945. 

Treat meot 


1 Per cent. 

666. j 

2 Per cent. 
006. 1 

I 

40 Per cent. 
Cryolite. 

1 Per cent. 
DDT. 

0 5 Per cent 1 

DDT 

Control. 

3 

0 

1 

0 

0 

31 

0 

0 

0 

13 

0 

38 

0 

0 

0 

0 

0 

21 

0 

0 

0 

0 

0 

33 

0 

0 

0 

0 

0 

22 

12 

24 

0 

0 

0 

20 

Total 16 

24 

1 

13 

0 

174 

Mean 
rating 2*5 

40 

0-16 

2-16 

0 

29 

1 


The sudden cessation of hostilities, and the changes in Army 
personnel subsequently following, prevented the experiment being 
carried through to harvest of the cabbage heads. However, it will be 
seen that all of the treatments used were effective against cabbage 
centre grub, that mere was a positional effect at the end of the blocks 
in the 666 ^atments, and that there was no significant difference 
between th6 treatments. 

The blo^k of 240 tomato plants in the com earworm trial was 
divided into eight randomized sub-blocks, with six plots per sub-block 
and four plants per plot. The plants were transplanted on 17th July, 
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1945, and were spaced 6 feet apart within the rows with 8 feet between 
rows and 10 feet between each plot. The treatments were — 

0-1 and 0-2 per cent. DDT solvent naphtha spray; 

1 and 2 per cent. DDT “ pyrophyllite dusts; 

50 per cent, synthetic cryolite pyrophyllite dust; 

control. 

The dusts were applied at approximately 35 lb. to the acre, and 
the sprays at approximately 80-100 gallons to the acre. The first 
application was made on 31st August, followed by three subsequent 
treatments at 10-day intervals. 

Two harvests of fruit were made, the first at the end of October, 
and the second about fourteen days later. At harvest, a record was 
kept of the number of fruits infested with com earworm and the 
number of sound fruit. The figures obtained are set out in Tables 
5 and 6. 

Table 5. — Number of Tomatoes Infested with H. armigera per 
Rbpucate at First Harvest on 3rd October, 1945, Left-hand 
Figures, Compared with the Number of Sound Fruit, Right- 
hand Figures. The Mean Percentage Infestation is Shown 
IN THE Last Line of the Table. 





Treatment. 



[ Blook If umber 

0-2 

Per cent. 
DDT 

0-1 

Per cent. 
DDT 

2 

Per cent 
DDT dust. 

1 

Per cent . 
DDT dust. 

60 

Per cent. 
Cryolite. 

Control 

1 

1/40 

0/48 

6/66 

0/36 

0/43 

20/66 

2 

0/48 

0/58 

0/62 

0/67 

0/47 

3/46' 

3 

0/39 

0/49 

0/60 

0/30 

0/60 

6/71 

4 

1/33 

0/30 

0/42 

0/34 

0/32 

8/41 

5 

0/44 

1/67 

.0/34 

0/38 

0/36 

6/37 

6 

0/30 

0/62 

0/60 

0/37 

0/36 

1/27 

7 

0/40 

0/49 

0/04 

0/61 

0/43 

6/61 

8 

0/61 

0/41 

0/40 

3/44 

0/47 

6/67 

Mean percentage 



1 

1 1-3 

0-9 

0-0 

13-6 

infested 

0-6 

0-3 


Table 6. — Number of Tomatoes Infested with H. armigera at 
Second Harvest, Middle of November, 1945, J eft-hand Figures, 
Compared with the Number of Sound Fruit, Right-hand 
Figures. The Mean Percentage Infestation is Shown in the 
Last Line of the Table. 


Block Number. 

Treatment 

0-2 

Per cent. 
DDT 

0-1 

Per cent. 
DDT 

2 

Per cent. 
DDT dust. 

1 

Per cent. 
DDT dust. 

50 

Per cent. 
Cryolite dust. 

Control. 

1 

0/60 

6/69 

8/60 

0/80 

0/40 

10/50 

2 

0/47 

0/60 

0/48 

0/46 

0/63 . 

6/60 

3 

0/41 

0/47 

0/48 

, 0/61 

0/61 

10/73 

4 

0/46 

0/34 

1/43 




5 

0/39 

7/57 

0/38 

0/30 . 

2/43 


6 

0/21 

0/64 

0/67 

2/16 

0/66 

3/40 

7 

0/54 

0/66 

0/48 




8 

0/46 

0/64 

0/47 

0/47 

0/61 

9/71 

Mean percentage 
ia^Mted 

0*0 

1-2 

1*6 

0*6 

0*8 

12*6 
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Analysis of these data Is not necessary. The controls are 
significantly different from all other treatments, and the damage on 
eadi of the treated plots is so small that it is not possible to 
discriminate between the treatments. 

Cii) Adelaide River. 

At Adelaide River a small experiment with tomato plants was 
carried out to test the usefulness of a mixture of dichloropropane and 
dichloropropylene* as a fumigant against root-knot nematode, 
Heterodi^a marioni. In July, 160 tomato plants were transplanted in 
soil which had been infeked with eelworm the season before. The 
plants were set out on a 6 x 3 Latin square design with eighteen plots 
each 12 X 24 ft. There were nine plants to each plot, planted 4 feet 
apart within the rows and 8 feet between each row. The fumigation 
of the plots was carried out ten days before sowing the seed, using a 
hand injector to apply the fumigant to a depth of 6 inches at the rate 
of 200 lb. to the acre. There were three treatments — 

(1) Fumigation of seedbed and plot; 

(2) fumigation of seedbed only and transplanting into an 

untreated plot; 

(3) no fumigation of either seedbed or plot. 

The sudden cessation of hostilities immediately affected the 
experiment, which also could not be carried to completion. However, 
in September every plant was lifted and its roots examined and rated 
for eelworm by the method described by Stark et al. (1944). At this 
time it was too early to obtain satisfactory results, but the observations 
showed that there was less eelworm attack on the roots of plants taken 
from the fumigated seedbed and plot and the fumigated seedbed only, 
suggesting that the fumigant was having a beneficial effect. 
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Investigations on the G>ntrol of Oriental Peach Moth, 
Cydia molesta Busck., in the Goulburn Valley, Victoria 

By G> A- H- Helsotti A/.Sc * 

Summary. 

Six species of parasites of the Oriental peach moth, Cydia molesta Busck., 
were Introduced into the Goulburn Valley, Victoria, from the United States 
of America between 1935 and 1939, and 14,195 parasites of all species were 
released up to 1940, after which there were no further liberations. Three 
of the species released were recovered from field collections, but two of 
these have not been recovered since 1938 and it must be presumed that 
these two have failed to become established. There were 964 recoveries 
made of the other species, Macrocentrus ancylivorm Rohr., over a widely 
dispersed area during the period 1935 to 1940, but only four of these were 
from overwintering parasites. The number of recoveries decreased sharply 
after liberations ceased, and as no further recoveries were made after the 
1939-40 season, it is unlikely that this species has succeeded in establishing 
itself either. Laboratory observations over a number of years suggest that 
this failure may be due to the long, warm autumns and lack of alternative 
hosts on which the parasite might overwinter. 

Recent field experiments show that useful control of C. molesta can be 
achieved in the fruit of late canning peaches by two applications of a spray 
containing 0*1 per cent. DDT, the first applied six weeks and the second 
three weeks before harvest. 

Earlier reports on the Oriental peach moth, Cydia molesta Busck., 
in the Goulburn Valley, Victoria, have been published by Gay (1935) 
and Kelson (1939). Up to the time of the second report no satisfactory 
method of chemical control had been found, and thereafter, the 
emphasis was placed on biological control. The work was discontinued 
in 1941 because of the greater urgency of other horticultural problems 
associated with the war. It reopened in 1945, when sufficient DDT 
became available for a small field trial, and was continued in 1946. 

The present paper gives details of the introduction, liberation, and 
recovery of parasites, for the most part since 1938, and the results 
of recent field trials with DDT. 

1. Attempts at Biological Control 
(i) Introduction of the Parasites. 

Field recoveries of Macrocentrus ancylivorus Rohr., up to the end 
of the 1937-38 season, had suggested that this was the most promising 
of five introduced parasites (Kelson, 1939), and that it was capable 
of becoming established during the summer and autumn months. It 
was not known, at this time, whether the insect could overwinter in 
the Goulburn Valley. Additional introductions of this parasite were 
made from New Jersey in the spring of 1938-39, and again in 1939-40, 
together with three others, Macrocentrus delicatus Cress., introduced 
for the first time from Southern Ohio, Inareolata molestae Uch., which 
had been introduced into New Jersey from Japan and iCorea, and 
Glypta rufiscutellaris Cress. The material was received in four ship- 
ments, two in each season. The numbers of peach moth cocoons exposed 
to parasites in America and received in Australia in these shipments, 
together with the number of parasites which emerged, are presented in 
Table 1. 


* An officer of the Division of Economic Entomology. 
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Table 1. — ^Number of Oriental Peach Moth Cocoonb Expossm to 
Parabitbs and Hbceivbd from the U.S.A., AND the Number 
OF Parasites which Ebcbrobd from Them. 


Number of 
Shipment 

Date of 
Receipt. 

TotiU 

Number 

Moth 

Cocoons 

Number of Parasites which Emerged 

M.ttncyhtoru» | 

M dthcatu*. 

/ moiestoe 

G.rufis- 

cuieUaru 

5 

6 

7 

8 

23id Sept.. 1938 
28th Not., 1938 
28th Not., 1939 
22nd Not., 1939 

21,448 

20,061 

20,000 

40,000 

1,076 

3,224 

1,707 

3,387 

196 

191 

1 

113 

34 

Total number of parasit 
emerged 

es which 

1 

9,304 1 387 1 

113 j 

34 


Shipments 6 and 7 were delayed in transit, taking 67 and 97 days 
respectively to arrive from New York, as against the average of 50 
days. Nevertheless, all arrived in good condition, and in time to 
enable liberations to coincide with a maximum abundance of the moth 
larvae in the field. Thus the parasites had every opportimity of 
becoming established. 

' Table 2 shows the total number of parasites of all species which have 
been liberated since 1935. These liberations were made in badly infested 
orchards throughout the Shepparton and Ardmona districts (Fig. 1). 

The material of Bassus diversus Muesb. liberated in 1939 was 
derived from a laboratory stock, the progeny of earlier introductions. 


Table 2. — Total Number of Parasites op all Species Liberated in 


THE CStoULBURN VALLEY, 

« i Season of 

Victoria, fr 

Locaiit ies 

OM 1935 TO 1940. 

Nnnilier Liberated 

Total 

Number 


Liberation. 

Male 

Female 

Total 

of Kat‘h 
Species 

Mdcrocentrus ancylivorus 

1936-.36 

1 and 2 

26 

37 

62 


Rohr. 

1930-37 

2, 7, 8, and 9 

108 

128 

236 



1937-38 

1, 2, 5, 6, 7, 
and 13 

1,435 

1,489 

2,924 



1938-39 

13.. 

2,024 

1,388 

3,412 



1939-40 

1, 2, 3, 6, 6, 
7, 8, 10, 11, 
13, 14, 15, 
16, 17, 18, 

• and 19* 

2,606 

2,446 

6,062 


. . . 

1940-41 

Bamawm Ex- 
tens on 

20 

20 

40 

11,726 

Olypta ruftacutellarts Cress. 

1936-36 

1 .. 

15 

26 

41 


1936-37 

3, 8, and 12 

175 

203 

378 



1937-38 

3,4, 6, and 10 

332 

398 

730 

1,149 

Bassus diverms Muesb. 

1937-38 

6 .. 

7 

791 

798 



1938-39 

5 and 12 . . 


45 

45 



m9-40 

13.. 


j 102 

102 

^6 

InareoicUa molestae Uch. . . 

1937-38 

4 and 6 


33 

42 



1939-40 

13.. 

13 

23 

36 

* 78 

AscoqasUr earpoeapsae Vier. 

1937-38 

6 .. 


•• 

164 

164 

M, delicaius Cress. 

1938—39 

13.. 

69 

64 

133 

133 

number of i 

all species 



. . 

. . 

14,195 


*Loc«I|f jr 19 is not shown In Fig. 1 ; Is «4tiuited at Kyabram, approximately 20 miles north* 
west fronFthe nearest point of liberation in Ardmona. 
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(ii) Recovery of the Parasitea. 

Three of the five species of parasites released prior to 1938, M. 
ancylivorua, B. divereua, and G. ruftacuteUarie, were recovered from 
field collections made from 1936 to 1938 (Helson, 1939), but since 
then no further recoveries have been macte of the latter two species, 
notwithstanding the further liberation of B. diveraua in 1939. No 
recoveries of Aacogaater carpocapaae Vier., M. delicatua, or 1. moleatae 
have been made at any time. 

Additional recoveries of M. ancylivorua were made in the spring 
of 1938-39, when four parasites emerged from overwintering cocoons 
collected at localities 5 and 6 the previous autumn and stored 
in the laboratory during the winter. More were recovered later from 
peach moth larvae of the same season (Table 3). The recoveries were 
mudi lower than in the previous season, and were not made until 
after further liberations in December. The low numbers may be 
accounted for by the lack of twig infestation and the extremely hot 
weather in January and February. 


Table 3. — ^Number of M. ancylivorua Recovered from LisERAnoN 

Sites in 1938-39. 


Date 

Collected. 


Number of Moth 

Number ot 

Locality. 

Larvae 

Parasites 


Collected. 

Recovered 

October, 1038 

6 

12 



6 

30 


Noyember, 1938 

3 

298 



6 

20 



8 

72 


December, 1938 

3 

284 



5 

10 



6 

300 



7 

87 



13 

34 


January, 1939 .. .. 

3 

428 

2 


6 

4 



6 

216 



7 

113 

i 


8 

7 

1 


13 

236 

•• 

February, 1939 

3 

241 

3 


6 

241 

3 


7 

30 



13 

41 


March, 1939 

6 

10 



13 

12 


Total . , 

2,726 

10 


]hl 1939-40 no Af. ancylivorua were bred from overwintering larvae 
coiliCfiKl l^te the preceding autumn, but a laboratory colony of the 
JJilEiltes overwintered, although the mortality was high. Table 4 
nMMarizes the recovey of parasites later in the season. Greater 
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numbers of Af. ancylivorus were recovered than in the preceding 
season, and in addition small numbers of an Inareolata distinct from 
/. moleatae appeared in the collections. This species is either a native, 
or was introduced accidentally prior to the commencement of the 
present investigation. The seven M. ancylivorus (all males) recovered 
from locality 3 in December were bred from infested twigs collected 
the previous month. They emerged twelve months after the last 
liberation (of 115 females) had been made at this point in December 
1938, and probably belonged to the fourth generation bred in the 
field. This recovery shows that at least some of the individuals of 
this species withstood the heat waves of the preceding summer, and 
then overwintered successfully in the field on Oriental peach moth. 


Table 4. — ^Number of Parasites Recovered from Liberation Sites 

IN 1939-40. 


Dftte BmergeA. l 

Locality. 

Number of 
Moth Larvae. 
Collected 

M ancylivorus. 

Inareolata sp. 

December, 1939 

3 

713 

7 

15 


6 

289 


3 


10 

140 


1 


13 

97 

1 

1 

1 

January, 1940 

3 

336 

11 

2 


6 

104 

12 

1 


7 

62 




8 

7 


, 


10 

177 


1 


12 

13 




13 

55 j 


5 

February-March, 1940 

3 

328 

16 

1 3 


6 

371 

1 53 

4 


7 

93 

1 

1 


8 

1 24 1 

1 1 

1 


10 

178 1 

16 

2 


13 

61 

27 

2 


Id 

54 

9 



3 in9 

1 

42 


No parasites emerged in the spring of 1940-41 from cocoons 
collected at the end of the previous season, and of 200 overwintering 
cocoons of laboratory-bred M. ancylivorus only 54 emerged. During 
the remainder of the 1940-41 season 3,828 moth larvae, collected 
from infested tips at all liberation sites, yielded only one Af. ancylivorus 
from a collection made at locality 6 in October 1940. This was the 
last recovery of an introduced parasite, although field surveys were 
made each December for the next three’ years in the districts where 
releases had been made. 

(iii) Discussion, 

Thus a total of 14,195 parasites, including 11,726 M. ancylivorus 
was liberated since 1935; and 964 were recovered. However, it is 
clear from the tables that almost all the recoveries closely followed 
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the releases. Only four parasites were bred from overwintering 
cocoons, although seven field recoveries of first generation M. 
ancpUvorua in 1939, twelve months after the last liberation at this 
site, were undoubted the progeny of small numbers of this species 
which had overwintered and begun breeding in the spring. As there 
has been no evidence of the presence of any introduced parasite 
since 1941, it is unlikely that any of them succeeded in establishing 
themselves. 

The percentage infestation of peaches brought to canning factories 
during the period covered by the liberations ranged from 4 to 50 per 
cent., and during the years of heaviest liberations stood at about 
20 per cent., so that lack of host larvae could hardly have contributed 
to the failure of the parasites to establish themselves. On the other 
hand, three years’ observations revealed that the long warm autumns 
caused a high percentage of M. ancylivorus to emerge in May and 
June each year, when no hosts were available. Thus there was a 
high mortality of parasites that ought to have overwintered. There 
was also a high mortality in overwintering parasites. In addition 
there was an absence of such alternative hosts as Ancylis comptana 
Froehl., which is present in the United States, the larvae of which 
provide hosts in the autumn and greatly assist M. ancylivorus to 
overwinter. 


2. Chemical Control 

Of 44 insecticides previously tested in the laboratory, the only 
one which had shown any promise was a mixture of white oil, nicotine 
sulphate, and bentonite (Kelson, 1939). However, as the field tests 
with this mixture gave an unsatisfactory control, the investigation 
was suspended at the end of the 1937-38 season. In 1944-45, when 
a quantity of DDT was made available for experimental purposes, a 
small field test was planned to determine whether this material was 
of any value in the control of Oriental peach moth. 

The experiment was made in Ardmona, Victoria, on a block of 
169 young PuUar Cling peaches (a late canning variety), which were 
just coming into bearing and were subject to moderate tip infestation 
by Oriental peach moth. Thirty-six trees were selected on a randomized 
block design for two treatments, sprayed and unsprayed, each experi- 
mental tree being surrounded by buffer trees. Two applications of 
0‘1 per cent. DDT~solvent naphtha emulsion (Kelson and Greaves, 
1945) were given in 1945, and “ Rucide,” a commercial water-soluble 
DDT preparation, was us^ at the same concentration in 1946. The 
applications were made late in the season with the object of protecting 
the fruit from attack, the first on February 6 in both 1945 and 1946, 
and the second on F^ruary 21 in 1945 and on February 28 in 1946. 
Approximate two gallons per tree were applied in 1945 and three 
g^ons per tree in 1946, at a pressure of 350 lb. per square inch. In 
1946 heavy autumn winds caused some of the fruit to drop, but all 
such Iruit was examined for infestation and the figures included in 
the record. 

bl tift 1945 experiment, the fruit was harvested on March 3. 
of this harvest are presented in Table 5. The difference 
Iwgwewi treatments is significant at the 0*1 per cent, level. 
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Table 5. — ^Results op Spray Trial Using 0-1 per cent. DDT-Solvent 


Naphtha Emulsion for the Control of 
Moth in Ardmona, Victoria, 1945. 

Oriental Peach 


Treated Trees. 

[ 

I^nt rested Trees 

1 

Number of sound fruit 

1 1,U49 

1 1,659 

Number of moth -infested fruit 

73 

1 116 

Total number of fruit 

1 

2,022 

1 

1 ~ 

1 1.775 

Percentage infestation 

3 6 

r 

1 6 5 


It will be seen that the two treatments of 0-1 per cent. DDT 
protected the fruit to an appreciable extent. Analysis of the fruit 
at harvest showed that there was a DDT residue of approximately 
9 p.p.m.* A portion of the sprayed fruit was canned in the normal 
way, and an analysis of the syrup and fruit after canning failed to 
show any trace of DDT. Thus two applications of 01 per cent. 
DDT., the first six weeks and the second three weeks before harvest, 
did not produce a DDT residue in excess of that permitted by Health 
Regulations (10 p.p.m.), and no DDT was carried through the canning 
process into the manufactured product. 

The harvest in 1946 was on Mjirch 26. The results are shown in 
Table 6. The difference between treatments is significant at the 0-1 
per cent, level. 


Table 6. — Results of Spray Trials Using 01 per cent. DDT in 
THE Form of “ RuaDB ” for the Control of Oriental Peach 
Moth in Ardmona, Victoria, 1946. 


- 

Treated Trees 

j Uutreated Trees 

Number of sound fruit . . • 

2,762 

2,644 

Number of moth-infested fruit 

78 

262 

Total number of fruit 

2,830 

2,906 

Percentage infestation 

2*76 

9-0 


Infestation of the fruit was again light, and showed a slight 
increase over the preceding season, but again useful reduction of 
infestation was obtained by the application of two late sprays to 
ffie fruit. 

* The^BDT analyses ^ere made by Mr. K. F. Powning of tbe Division of Eoonomio 
Entomology. 
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The Use of DDT for the Control of the Buffalo Fly 
(Siphona exigua (de Meijere )) 

By K‘ /?. Norris, Af Sc * 


Summary. 

Experiments on the protection of cattle against the buffalo fly iStphona 
exigua (de Meijere)) by the use of preparations containing DDT are 
described. The spraying of only half the cattle in a herd results in the 
virtual elimination of flies from the untreated beasts. It is unnecessary to 
spray the entire body surface of the animals to bring about control of 
the flies, spraying on a patch over the shoulders being sufficient. When 
all the cattle in a herd are thoroughly sprayed over the shoulders with 
emulsions containing 4 per cent. DDT, or with DDT suspensions prepared 
from 1 per cent. Rucide (see page 28) they remain free of buffalo flies 
for approximately two weeks, after which there is a gradual increase in 
the fly population, usually necessitating spraying again at three weeks. 
As this period generally coincides with the intervals between dippings for 
cattle tick control, the two treatments may be applied in the course of 
the same muster. 

Milking cows may be kept relatively free of buffalo flies by lightly 
spraying them with kerosene solutions of DDT. To avoid skin injury such 
sprays are applied as a fine mist from an ordinary household “ Flit gun,"' 
which leaves a small, superficial deposit of DDT of low persistency. 
However, the daily handling of milkers permits treatment as often as 
necessary. 

Large numbers of cattle, dipped or sprayed over the entire body surface 
with DDT preparations for the control of the cattle tick remained virtually 
free of buffalo flies for at least five weeks. It is suggested that the 
treatment resulted in the complete elimination of the fly from the large 
area on which the cattle grazed, so that reinfestation could only occur 
by the infiltration of flies from the "surrounding areas. On small properties 
reinfestation is generally rapid, even if the protective period of the spray 
outlasts the life cycle of the fly. 

Some factors influencing the persistency of DDT on cattle are discussed. 
Up to a point, persistency of emulsions and solutions varies with the 
concentration of DDT in the spray. The loss of DDT faster from cattle 
than from inanimate surfaces is considered to be due largely to rubbing 
and licking by the beasts, whilst the direct influence of rain and insolation 
in the removal of DDT is not considered of prime importance. 

i. Introduction 

In a previous paper (Norris, 1946) the testing of traps for the 
control of the buffalo fly on dairy cattle was described. The present 
publication is an account of experiments on the control of the fly 
on dairy and beef cattle by the use of DDT preparations. This material 
proved to have such outstanding qualities for use against the buffalo 
fly that attention was concentrated on its testing to the virtual 
exclusion of all other insecticides. The important attributes of DDT 
are that a buffalo fly alighting on a deposit is killed by the small 
quantity that it picks up oh its appendages, and that sufficient quanti- 
ties persist for considerable periods on treated surfaces to kill buffalo 
flies alighting there. The spraying of cattle with DDT preparations 
therefore has unique advantages for the control of the buffalo fly, 
whicdi, in areas devoid of the water buffalo, is practically speciflc to 


♦An officer of the Division of Economic Entomology. 



cattle, the flie 3 spending almost their entire lifetime on the skin of 
the host Although it h^ been found that persistency on living cattle 
is not as great as on inanimate surfaces, DDT is so effective against 
the buffalo fly that its use is now freely advocated as a practical and 
economical method of controlling this pest. The work described in 
this paper was carried out principally at Malanda, North Queensland. 
Notes on certain aspects of it have already been published by Legg 
(1945), Belschner (1946), and Roberts (1946). 

2. Methods of Measuring Persistency of DDT on Cattle 

The following are some possible methods of investigating the 
persistency of deposits of DttT on cattle: 

(1) Chemical Analysie of Extracts from Hair Clippings. 

The disadvantage of this method is that samples must be large 
to permit an accurate analysis for p,p'-DDT, particularly when only 
low concentrations are present. Both this and the succeeding method 
(ii) are useful for the comparison of the persistency of various 
preparations. 

(ii) Bioassay Tests of Clipped Hair Samples, Using the Buffalo Fly 
as the Test Insect. 

Quite small samples are sufficient for the performance of such 
tests, and testing is a relatively simple matter. The method adopted 
is as follows: 

The samples of hair are spread out under petri dishes on paper 
squares glued to a wooden baseboard. The baseboard and paper are 
perforated by 1-inch holes directly below each petri dish. Flies are 
netted from untreated cattle, and, taking advantage of their strong 
attraction to light, transferred as soon as possible after capture into 
the petri dishes from beneath. The holes in the baseboard are then 
plugged with clean cotton wool, and the boards carrying the petri 
dishes placed under a strong light to activate the flies. DDT does 
not kill ffies immediately on contact. The earliest detectable symptom 
is restlessness, and “excited” behaviour. A period of increasing 
incoordination of the legs follows, until finally the fiy is unable to 
stand, but lies kicking or buzzing on its back or side. After the loss 
of the power of locomotion, the vigour of the movement of the 
appendages gradually decreases, and the final trace of life is the 
twitching of the terminal segments of the tarsi. The greater the 
concentration of the DDT on the surface on which the fiy crawls, 
the more rapidly do these symptoms succeed one another, so that, 
by assigning ratings to the different recognizable stages of the paralysis 
(unaffected, slightly affected, strongly affected but still able to walk, 
unable to walk but still vigorously moving, almost immobile, and 
apparently dead), a comparison may be made of the relative con- 
centration of DDT on different samples. 

Disadvantages of this method are that it is not possible to obtain 
a “ standard ” buffalo fiy comparable with the “ standard ” housefly 
of the Peet-Grady test, and that under conditions prevailing on a 
field station, experiments cannot be carried out under conditions of 
cqnstMtt^ temperature and humidity; but in spite of these drawbacks 
useftftlnformatlon may be obtained. 
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(iii) Inaectary Tests. 

The treated beast may be enclosed in a gauze insectary, and obser- 
vations made on the survival of buffalo flies liberated inside the 
enclosure. Disadvantages of this method are the small number of 
beasts that may be handled in any one experiment, and the strong 
possibility that the insectary may become contaminated with DDT 
Uirough the contact of cattle with the rails, and the shedding of 
DDT on to the floor. Also buffalo flies sometimes tend to leave a 
beast in an insectary, and rest on the gauze. 

(iv) Study of the Trend of the Fly Population on a Herd Following 

Treatment with DDT. 

DDT is not a repellent, and the rate at which it aiffects flies varies 
as the concentration on the surface on which the flies alight. When 
a herd of cattle is treated with a DDT preparation, all the flies present 
at the time of spraying are eliminated. Those flies (emerging from 
pupae in the pasture, or migrating from cattle outside of it) which 
first attempt to reinfest the treated cattle are affected by DDT so 
rapidly that they are “knocked down” soon after alighting on the 
hides. Thus the infestation visible at any time shortly after spraying 
is practically nil. As the concentration of the DDT on the hides is 
reduced, the flies reinfesting the cattle are able to survive for longer 
periods, and so a gradual increase in population results, even while 
some DDT remains on the hides. Some of the important factors 
affecting the rate of reinfestation of cattle after they have been freed 
of flies are as follows: 

(a) Natural variation of the buffalo fly population with seasonal 

conditions and biological factors. On the Atherton Table- 
land the fly population is at its peak in January and 
February, when reinfestation is rapid once a DDT spray 
has worn off. On the other hand, in July and August, 
when the fly population is at a low level, reinfestation 
is very slow, even if temperatures are temporarily 
favourable. 

(b) Direct effect of weather on the activity of the flies, and 

hence on the rate of infiltration from untreated to treated 
areas. Cool conditions slow up the activity of the fly, 
and hence tend to retard reinfestation, even if not 
immediately reducing the numbers of the flies. 

(c) Size of property on which the treated stock graze. The 

average area of dairies on the Atherton Tableland is 
only about 150 acres, and so very rapid reinfestation is 
likely to occur if surrounding properties carry untreated 
cattle. On the other hand a cattle station many square 
miles in area would be subject to only slow reinfestation 
from outside the boundaries. 

As method (iv) provides information directly in terms of fly 
population, as is required from the point of view of the practical 
problem, it has been most employed, though supplemented at times 
by other tests, particularly bioassays. 
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3. Effect ofl the Popiitatioa of Siphona txigua of Treating Cattle with 

DDT Preparations 

DI>T has been found to be highly effective against the cattle tick 
(Boophilua amtralis) which is an important pest throughout most 
of the area of distribution of the buffalo fly in Queensland. The 
possibility of DDT coming into general use for cattle tick control 
has an important bearing on the buffalo fly problem. As will be 
described below, it is unnecessary to spray the entire body surface 
of a herd of cattle to control the buffalo fl>. On the other hand, 
complete coverage of the body of a beast is necessary for tick control, 
so that if DDT be correctly employed against the tick, the buffalo 
fly population is automatically eliminated. Use of DDT primarily 
for the control of the buffalo fly therefore involves different treatment 
from its employment primarily for the control of the tick. The two 
methods will be dealt with separately. 

(i) Use of DDT Primarily, for Buffalo Fly Control. 

In spraying for buffalo fly control, two methods may be adopted. 
The hides of the cattle may be saturated with sprays of DDT, leaving 
a deposit of considerable persistency which will afford lasting pro- 
tection against the fly, or else they may be sprayed fairly frequently 
with a light-mist spray of low persistency. Both methods^ have their 
uses, though the former is by far the more widely applicj^^le. 

(a) Use of Saturating Sprays to Obtain Prolonged Persistency. 

As will be shown in a later section, persistency of DDT on cattle 
is dependent partly on the initial dose. Thus a heavy spraying, 
saturating the hair right to the skin surface, is the most effective 
way of applying any one type of spray. For use in this manner, sprays 
must be harmless to the skin of cattle. In this research early experi- 
ments were carried out with potentially harmful kerosene sprays, 
and are described hereunder merely for purposes of illustration, with- 
out suggesting that the sprays should be used nowadays for practical 
purposes in the manner described. 

(1) Preparations employed . — ^The first experiments were carried 
out with straight solutions of DDT, principally in kerosene. As soon 
as suitable emulsions had been devis^, the use of solutions was dis- 
continued, because of the likelihood of injury to the cattle. Desqua- 
mation, particularly of the neqk, was noted on a number of cattle 
sprayed with kerosene solution, and one herd showed evidence of 
loss of control of body temperature, as described by Freeborn et al. 
(1934). Emulsions tested were only those likely to be produced in 
quantity in Australia, the most important being power kerosene 
emulsion, solvent naphtha 90/190 emulsion, and Eucalyptus dives 
type oil emulsion, using “Wetsit’’ as the emulsifying agent (see 
Hackman, 1946). AU proved satisfactory, and there were no indica- 
tions of injury the skin of cattle from their use. No outstanding 
differences in persistency between the different solutions and emulsions 
have been not^ 

Towards tilled of the phase of the research with which this 
paper deals, Itbssrs. Taubmans’ *'Rucide” was made available for 
study. This ^s a paste containing 50 per cent, by weight of p,p'~DDT 
and also a '' solubilizer.” The paste is melted until a clear liquid is 
formed, at a temperature in excess of 100®C. The melt is then poured 
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into soft or softened water, which is vigorously stirred during the 
pouring, a suspension of fine particles of DDT resulting. This prepara- 
tion has considerable stability, and is apparently completely harmless 
to the skin of cattle. 

(2) Equipment employed. — ^Large, continuous-spraying, hand ato- 
mizers were employed, also Hnapsack sprays to which several yards 
of hose had been fitted to enable one man to operate the nozzle, while 
another carried and operated the reservoir. For the small user such 
appliances are probably quite satisfactory, but for large-scale treat- 
ment of cattle with the object of controlling the buffalo fly, a motor- 
driven pump of some type would be desirable. 

(3) Results of eocperiments . — ^The following experiments were 
carried out on dairy cattle at Malanda, North Queensland, in 1944. 
Continuous-spray, hand atomizers were employed to apply 4 per cent. 
DDT in lighting kerosene, so that the hair of the treated area was 
thoroughly saturated, without run-off. Although this preparation 
would not now be used in experiments, the results obtained in the 
control of the fly population serve to illustrate the development of 
the principles for the use of DDT against the fly. 

(i) On February 8, 1944 a herd of 28 cows, 10 calves, and 1 bull 
were sprayed on the neck, back, and sides. Before treatment the cows 
bore an average of about 50 flies each. After spraying they remained 
practically free of flies for 8 days. From the 8th to the 15th day 
the mean daily infestation averaged less than a dozen flies per beast. 
After the 15th day the fly population rose beyond the pre-treatment 
level, and it was presumed that the DDT was no longer effective. The 
area of this property was 120 acres, and it was bounded on most 
sides by properties carrying untreated cattle from which the flies 
could migrate on to the treated cattle, surviving in increasing numbers 
as the DDT progressively wore off. 

Eight days after treatment, 12 untreated, heavily infested calves 
broke into the paddock where the sprayed calves were kept. When 
the strange calves were removed from the paddock, considerable 
numbers of flies were left on the treated calves, but in less than 12 
hours they were again free of flies, demonstrating that the DDT was 
still very active on their hides. 

(ii) A herd of 48 milkers, 3 bulls, and 7 calves was treated on 
February 18, 1944, on the neck, back, and sides of each animal, leaving 
unsprayed those regions in reach of the tail in the anticipation that 
any flies alighting there would be driven on to the treated parts. 
Probably the spraying was done somewhat more heavily than in the 
case of experiment (i). Before spraying the cows were heavily 
infested, individuals carrying up to 1,000 flies, the mean being esti- 
mated at about 300 flies per beast. Practically no flies were seen on 
the milkers for 10 days after spraying. Until the 22nd day-the highest 
mean number per cow at any one count* was 10 • 5, though generally 
less. After the 22nd day the mean numbers ranged about 25 per beast, 
and did not regain their pre-spraying level before observations were 
discontinued on the 35th day after spraying. It is probable that the 
failure of the fly population to restore itself towards the end of this 
period was partly due to seasonal conditions. The area of the property 
was 167 acres, and reinfestation was possible along most of the 
boundaries. 

0.12900/46--S 
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An interesting qompariscm is provided by the history of 16 dry 
cows grazing on a road running past the property, which were also 
i|»ayed, but somewhat more lightly than the milkers, on February 18. 
In tl^ course of their grazing along the road, these cows frequently 
came in close proximity to numerous untreated cattle. This fact and 
the Us^ter spra 3 dng may have been responsible for the fact that the 
dry cows were reinfested much earlier^than the milkers. From the 
8th day onwards the infestation was more or less comparable with 
that which reappeared on the milkers after the 22nd day. 

(iii) On March 17, 1944, in a herd of 24 cows grazing on an area 
of 120 acres, 12 were selected as consistently carrying the heaviest 
infestations (mean 74 before spraying). The mean number of dies 
on the remaining cows was 32. The 12 most heavily infested cows 
and the bull (pre-spraying infestation approximately 500) were 
i^rayed on the neck, back, and sides as far back as the hip. 

All flies were immediately eliminated from the sprayed beasts. 
About 15 hours after spraying the mean infestation on the unsprayed 
milkers had dropped to 4 flies per beast, and there was less than 1 fly 
per untreated beast 22 hours after spraying. For 11 days* after 
spraying the mean daily average number of flies on the sprayed 
milkers was less than 1 per beast. The average infestation on the 
untreated cattle during this period was generally less than 2 per 
beast (max. 4), though always in excess of the mean on the treated 
cattle. From the 12th to the 22nd day the numbers remained low, 
usually not more than 5 per beast, though generally slightly higher 
on treated than on untreated cattle. After the 22nd day there was a 
great increase in the mean numbers of flies. 

This experiment demonstrated that flies move around from beast 
to beast, frequently enough to bring about their control if only half ^ 
the cattle in a small herd are treated. Laake (1946) reports similar 
results from experiments on the control of the horn fly (S. irritans 
(L.)) with DDT preparations. Since the performance of this test, 
other experiments have amply demonstrated that when cattle treated 
with DDT mix with untreated cattle, reduction or elimination of the 
flies on the untreated cattle takes place. In a further experiment the 
hull and every fourth cow in a herd was treated, but control was not 
as satisfactory as when half the number of cows was sprayed. 

(iv) On April 21, 1944, a herd of 39 cows and a bull, grazing on 
a property 161 acres in area, were sprayed in patches about 18 inches 
by 12 inches on either flank, and similar areas on either side of the 
withers, these being the parts of the hide where the flies tend to con- 
gregate in the greatest numbers. Before spraying each cow carried 
an average infestation estimated at about 150-200 flies, and the bull 
about 2.000 flies. Until the 12th day after spraying not more than 
1 fly per cow was recorded at any observation, although the bull had 
been observed to carry up to 9 flies during this period. The mean 
infestation per Milker was not recorded as higher than 2 flies per 
observation between the 12th and the 21st days, by which time it 
had become doubtful whether adverse weather conditions were not 
hindering the reinfestation of the herd. Consequently about 400 flies 
netted from untreated cattle were released on the herd on the morning 
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of the 22nd day. There was a considerable survival of flies when the 
cows were brought in for the afternoon milking about 4 or 5 hours 
after the liberation, so it was concluded that the deposit of DDT had 
substantially worn off. Chemical analysis of hair samples clipped from 
the shoulders of cows on the 18th day after treatment showed that 
there was a considerable amount of DDT on the shoulders at that 
time (see Table 1). Infestations on untreated cows in the vicinity of 
the farm averaged about 200 flies per beast on the 12th day, while at 
22 days untreated stock on a roadway adjoining the farm had a mean 
infestation of about 50 flies per head. The evidence suggests that 
the protection of the shoulder and flank spraying extended into the 
3rd week, although the results were somewhat confused by the onset 
of cool weather conditions after the commencement of the test. 

(v) Subsequent to the completion of this series of tests with lighting 
kerosene solution, numerous experiments were carried out with emul- 
sions and Rucide, in which the shoulders only of all the cattle in a 
herd were sprayed, resulting in satisfactory control of the fly popula- 
tion. For instance, 30 head of beef cattle were sprayed over the 
shoulders with a 4 per cent, emulsion of DDT on November 12, 1945, 
at Innisfail, North Queensland. Before spraying the infestation 
averaged about 200 flies per beast. A fortnight later the fly population 
averaged only 6 flies per beast, and bioassay of hair samples showed 
distinct traces of DDT on the shoulders. 

Evidence has been secured which suggests that DDT persists longer 
on the shoulders than on the flanks (see Table 1 and Section 3 (ii). 
The significance of such observations is that even if a beast be sprayed 
over the entire body, the final result, after a preliminary period of 
differential removal of DDT is much the same as if only the upper 
parts had been sprayed. 

A summary of information of other miscellaneous experiments 
with saturating sprays of DDT in the form of emulsions and Rucide 
appears in Table 2. A general tendency will be noted for persistency 
of emulsions to vary with concentration. However, the variation is 
not entirely direct, as trebling the concentration (e.g., raising from 
4 to 12 per cent.) does not even double the protective period. 


Table 1. — ^Analyses op Hair Samples prom Shoulders and Flanks 
OP Animals Sprayed with 4 per cent. DDT Preparations.* 


Preparation Used 

Days after 
Spraying t 

Situation Sampled 

Gamma DDT per 
gram Hair. 

Kerosene emulsion 

7 / 

Shoulder 

6.060 


\ 

Flank . . 

064 

Kerosene solution 

18 r 

Shoulder 

1,118 

1 

1 

\ 

Flank .. 

j, - - 

123 

Kerosene solution . . ! 

80 r 

Shoulder 

109 


\ 

Flank . . 

74 


• Analyses performed by Mr. R. F. Powning of the Division of Economic 
Entomology, by the dehydrochlorlnation method. 

tThe figures given for the cattle sampled at 80 days are at about the 
generid level obtained when testing hair from untreated animals. 
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In the case of Rudde, potdsteicy does not appear to increase with 
increasing concentration of spray between i per coit and 3 per 
cent. p,p'-DDT. 


Table 2. — ^Results of Experiments with the Use of DDT Emulsions 

AND RUCIDB foe THE PROTECTION OF CATTU! AOAINST THE 
Buffalo Fly. 


Cottoentration 
Percentage w/v 
p.p^DT. 

Type of Emulsion. 

Number of 
Cattle Sprayed 

Protective Period 
(Days),* 

12 .. r 

E, pdybractea + E, dives var. C 


38 

21-28 

1. 

E. dives type 


81 

21 + 



1 

r 141 

14-21 

f 

Solvent naphtha 


49 

16+ 



1 

I 63 

14-19 

i .. ^ 

Power kerosene 

J 

r 43 

11 + 



1 

L 48 

7-14 

L 

E. dives type 


30 

14-21 

3 .. 

Solvent naphtha 

1 1 

12 

2 . 

Solvent naphtha 

30 j 

9-14 

0*2 . 

' E. (fires t^jK* 


Less than 7 


Rucide, 


("omeiitratlon Porceiitaffe w/v 


Number of Cattle Sprayed 


Piottctne ]*enod (Days) 


1_ __i 

2 . .. .. 

0*5 .. . r 


81 

62 


37 


70 

4(1 


Less than 12 
Less than 16 


9-16 


10-17 

10-17 


• “ Protective period ” is arbitrarily chosen as the number of days oinncing 
^ter spraying before the fly population is restored to more than a dozen 
per beast. 


(b) Use of DDT Solutions as L/ight-mist Sprays. 

(1) Preparations and equipment employed. — Solutions of DDT in 
power kerosene have been found quite suitable for use in this method. 
Ordinary household atomizers are the most suitable appliances for 
this method of spraying, as the preparation used is potentially harmful 
to the skin, and stronger atomizers would deliver a spray which would 
actually penetrate to the skin surface. 


(2) Results of experiments.Solations of different concentrations 
were issued to various dairymen, with instructions to use as a light- 
-pray on any cows coming into the bails carrying a considerable 
ir of flies. Inspections were made at intervals to determine the 
of control achieved. 
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All flies present at the time of spraying that are caught in the 
mist are killed, and as the spray is directed on to the places where 
the flies cluster in the greatest numbers, a light deposit is left where 
it has a residual effect on flies alighting on the cows after spraying. 

The exact degree of control achieved by this method of using DDT 
depends on the thoroughness of the spraying programme, and the 
individual dairyman’s conception of what constitutes an infestation 
of economic significance. The initial reduction of a gross infestation 
necessitates the spraying of most of the herd, but after that has been 
done it is generally sufficient to spray only a few cows every day or 
so to keep down the numbers of flies. Generally farmers have little 
trouble in keeping infestations down to a level of less than a dozen 
flies per beast. Observations over two seasons have indicated that a 
quart of 4 per cent. DDT solution in power kerosene suffices to protect 
a herd of 30 cows for about a month. The exact concentration of 
spray used is not of great importance, except that with the lower 
concentrations greater quantities of spray are used, with increased risk 
of injury to the skin of the cattle. 

(ii) Use of DDT Primarily for Cattle Tick Control. 

Observations on this aspect of the problem are confined to experi- 
ments carried out at Rannes, Central Queensland, in February 1945. 
This work was done in collaboration with officers of the C.S.I.R. 
investigating the control of the cattle tick. 

(a) Preparations employed. 

Taubmans’ Rucide, described in an earlier section, and an emulsion 
of DDT in solvent naphtha were tested. 

(b) Equipment employed. 

For the control of ticks on cattle it is impel ative that the whole 
of the body surface should receive a thorough drenching with the 
toxicant. A plunge dip which will completely immerse the body of 
the largest beast, or else a spray race with numerous jets to cover all 
aspects of a beast passing through it, must be employed. Experiments 
were carried out with a plunge dip on Mr. J. L. Wilson’s property at 
Rannes, and also with a Buzacott spray race on the adjoining property 
of Mr. C. Guest. 

(c) Results of experiments. 

(1) Dipping experiment . — ^The timber-lined vat was charged with 
3,000 gallons of creek water, which was softened by the addition of 
1/1000 by weight of ** Calgon ” (NaPO»)ir. One per cent, w/v Rucide 
was added on February 8, 1946, making the p,p'-DDT content i per 
cent. w/v. 

On the day the dip was charged, 1,081 head, mostly "1-2 year old 
Herefords, were dipped. * Tagged anim’als were introduced into the 
series of animals at regular intervals for detailed study of the effect 
of dipping on the tick population^ at different stages of the run. Before 
dipping, the fly popitotion on these young stock was estimated to 
average about 100 flies per beast, with up to 3(W on some animals. 
Differences in the behaviour of the flies from wnat is usual during 
dipping in arsenical preparations were observed. The flies did not 
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work back on to the undipped beasts, there was no tendency lor them 
to gather round the entrance to the vat (where they often rest in 
numbers on the rails), and very few of them followed the cattle 
through to the draining pen. Most flies seen in the draining pen were 
strongly affected with DDT, and it appeared that the Rucide exerted 
a slight repellent effect while the hide was still wet, as flies alighting 
on the cattle made only momentary contact. Probably most of the 
flies were knocked down or rendered incapable of normal behaviour 
by a mist of flne droplets caused by the plunging of the beasts. Cattle 
inspected several hours after dipping were standing quietly in the 
shade, and no flies were seen. 

On February 9, 650 animals were dipped, including a considerable 
number of full-grown Hereford steers and bulls. The average infesta- 
tion on this mob was judged to be about 300 flies per beast, with up 
to 2,000-3,000 in some cases. Greater numbers of flies went through 
to the draining pen, but this may have been merely a result of the 
greater population of flies. The quietness of the cattle after dipping 
was in marked contrast with their restless behaviour before dipping, 
when the flies were apparently worrying them. 

The animals tagged for tick examinations were kept in a separate 
paddock, and were available every few days for close study in yards. 
No flies were seen on any of them on or before the 7th day after 
dipping. A total of 3 flies was seen on the tagged beasts on the 10th 
day after dipping, and a few more on the 14th day, though still much 
less than 1 fly per beast. Frequent horseback inspection throughout 
this period showed that in all groups of dipped animals flies were 
absent, irrespective of age group or sex of die cattle, although on 
untreated cows on the same property there was an infestation estimated 
to average about 300 flies per beast. Five weeks after the original 
dipping the cattle were brought in again for dipping, and were reported 
to be still almost free of flies except for small numbers on a mob 
which had been grazing in a paddock alongside one containing heavily 
infested, untreated cows. 

Reinfestation tests , — A mob of 1-2 year old Herefords which were 
dipped on February 8th were mixed with more than half their number 
of heavily infested, mature cows 5 days after treatment. The cows 
and the heifers were forced to mix with one another in this paddock, 
as there was only one watering place. When drafted out the following 
day the cows carried infestations very much smaller than when they 
had been introduced to the paddock. There were no flies to be seen 
on the treated heifers. 

A similar deliberate reinfestation was performed on the 9th day 
after dipping. Drafting on the 10th day still revealed no flies on 
the heifers. There were fewer on the cows than when introduced 
into the paddock, but the reduction was not so high as on the flrst 
occasion. 

^^Jjk third reinfestation was carried out on the 14th day after dipping. 
[ cows were drafted out on the 15th day, whep a light infestation 
seen og the treated heifers. When some of these were inspected 
|%r 5 hours after drafting, however, very few flies could be seen, so 
is likeiy^that DDT was still active on at least some of the beasts. 



35 


Bioassay tests , — Clippings taken from the shoulders of the tagged 
beasts on the 5th and 7th days, and from both the shoulders and the 
flanks on the 10th and 14th days after dipping, were tested for their 
toxicity to the buffalo fly by the method desctibed earlier. 

Strong traces of DDT were foimd on the hair from the shoulders 
of most of the beasts on the 5th and 7th days. On the 10th day after 
dipping there were still fairly strong traces on the shoulders, but 
much less DDT on the samples from the flanks of all the beasts. The 
samples taken on the 14th day after dipping showed some DDT on 
the shoulders of 4 of the 10 beasts sampled, but only weak traces of 
DDT on the flanks of 2 of the same 4 beasts, with none on the 
remainder. 

The life-cycle of the fly was estimated not to exceed 10 days under 
the hot conditions prevailing at the time of the tests, so that it appears 
highly probable that the protective period of the dipping lasted long 
enough to kill all flies emerging from the dung on the property on 
which the treated cattle grazed. Thus the initial fly population was 
entirely eliminated, and reinfestation was left to infiltration of flies 
from outside the boundaries. As the area oh which the treated cattle 
grazed was a compact block of approximately 15,000 acres. Infiltration 
would be expected to be slow. This is an adequate explanation of 
the long period over which the cattle were observed to remain free 
of flies. The same reason has been advanced by Matthysse (1946) to 
account for the prolonged scarcity of horn flies on beef cattle sprayed 
in Florida with DDT preparations, and Peairs (1946) for the dis- 
appearance, after one treatment with DDT, of horn flies from a small 
herd of heifers in Virginia, which were effectively isolated from 
reinfestation. 

(2) Spray race experiment . — ^The spray race was a Buzacott 
product, 36 feet in length, with rows of nozzles above and below 
the cattle on either side, the upper nozzles directed downwards and 
inwards, and the lower upwards and inwards. It was designed for 
continuous operation, the cattle walking from the forcing yard to 
the draining pen through the drenching spray. 

(o) The first spray tested was a solvent naphtha emulsion con- 
taining 1 per cent, crude DDT (75-80 per cent. p,p'-DDT). On Feb- 
ruary 10 this was applied to 100 Australian Illawarra Shorthorn 
milkers, which, before spraying, were infested with about 50 flies 
per head. No flies were seen in the draining p.en, and there was no 
accumulation of drowned flies in the gauze screens of the filters over 
the reservoir, as usually occurs when arsenical fluids are employed. 
During spraying operations about a dozen flies strongly affected by 
DDT were caught in an entomological net which was standing like a 
windsock downwind from the entrance to the race. Apparently the 
flies were caught in a mist of fine drof)lets at the mouth of the race, 
and immediately becoming affected with DDT, lost the power of 
directive flight, and were carried away downwind. 

Cows were tagged at regular intervals during the spraying fur 
detailed tick studies, and the tagged cows were run with the rest 
of the herd. The cows remained entirely free of flies for the first 9 



days, after which small numbers, less than 1 per beast, could be seen, 
but it was reported that the infestation did not build up markedly 
during the 5 weeks following spraying. The dairy was 2,000 acres in 
area, adjoining the property on which the cattle were treated in the 
plunge dip, and so the failure of the flies to reappear on the cattle 
may be attributed to the same causes already suggested. 

Bioassay tests . — ^Hair samples were taken from the shoulders of 
the milkers on the 3rd, 5th, and 8th days after spraying. There was 
fairly strong evidence of DDT on the shoulders of the cows on the 
3rd and 5th days, but on the 8th day only one beast gave a positive 
test. The cows were particularly short in the coat, however, and in 
some cases only very small samples of hair were secured. This invali- 
dates any comparison with the long-haired Herefords that were used 
in the dipping test. 

(b) Also on February 10, 100 full-grown A.I.S. steers were sprayed 
with 1 per cent. Rucide (i per cent. p,p'-DDT) prepared with rain 
water. The animals which were tagged at regular intervals during 
the spraying for detailed tick studies were transferred to the property 
where the dip was situated, and kept with the tagged Herefords from 
the dipping experiment. The remainder of the steers were retained 
on the same property as the milkers, but kept in a separate paddock. 

Before spraying the steers carried an average infestation of about 
100 flies per beast. The history of the fly population on both the tagged 
and untagged steers was the same as on the dipped animals. 

Bioassay tests . — ^Hair samples were taken from the shoulders of 
the tagged steers on the 3rd and 5th days after spraying, and from 
both the shoulders and the flanks on the 8th and 12th days. The 
results 01 testing these with flies were comparable with those obtained 
for the dipped Herefords. In particular the more rapid disappearance 
of DDT from the flanks than from the shoulders was confirmed, as 
no flank samples were demonstrated to carry DDT, whereas shoulder 
samples from several of the beasts on the 8th and 12th days showed 
distinct traces of DDT. The hair of the steers was longer, on the 
average, than that of the cows sprayed with solvent naphtha emul- 
sion, but not nearly as long as that of the Herefords. 


4. Persistency of DDT on Cattle 

When preparations of DDT are applied to inanimate surfaces, 
persistency in sufficient quantities to act as a contact poison to insects 
usually runs into months. For Instance the haired surface of a piece 
of fresh cattle hide was sprayed with 1 per cent, DDT in alcohol in 
October 1943. During the week following spraying, the hide was 
repeatedly exposed to sunshine, and washed under a tap with an 
amount of water equivalent to many inches of rain, but for the rest 
of the period during which it was studied it was stored indoors. More 
than 8 months after treatment the hair was found still to be toxic to 
Buffalo flies ^onflned on it under a petri dish. There is an extensive 
nterature concerning the prolonged persistency of DDT deposits on 
inanimate surfaces. 
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By contrast, the persistency of DDT on the living bovine is short, 
even considering the almost continuous exposure of the deposit to 
the effect of the elements. The persistency of DDT on cattle is known 
to depend to some extent on the type of preparation employed. For 
instance Matthysse (1946) states that deposits from suspensions are 
more persistent than deposits from emulsions. 

The rate of application of sprays affects the persistency. Light 
mist-sprays of the type described on page 32 have very low persistency 
when compared with sprays which thoroughly drench the hide with 
a preparation of the same concentration of DDT. This simply amounts 
to a variation in the initial quantity of DDT applied to the hide (see 
below). Table 2 provides some evidence that persistency of emulsions 
is governed by the concentration of spray applied. Evidence that the 
same holds for solutions is provided by the following experiment: 

Groups of 3 cows within the same herd were evenly sprayed with 
solutions of 1, 4, 8, 12, 16, and 20 per cent, w/v DDT in solvent 
naphtha at Malanda on May 15, 1945. As the cows from each treat- 
ment were running together, results could not be judged by fly 
population measurements. Instead, bioassay tests were made on hair 
samples taken from the shoulders of the beasts at intervals after 
spraying. Table 3 indicates quantitatively the relative progress of 
the DDT poisoning in the flies after one hour of exposure to the 
samples. It will be noted from the table that persistency appears to 

Table 3. — ^ToxiaTY to Buffalo Flies of Hair Samples from Cows 
Sprayed with Solvent Naphtha Solutions of DDT.* 


Days after SprayiiiR 


W/\ Poroeutajfc DDT iii Solvent Na]>hth.i 

- I I 

12 1(4 ‘2ft 



*BatiiigB In the table lllustrited the relative progress of the symptoms of DDT poisoning in the 
files after one hour of oontinuons exposure to the samples Up to the 35th day the samples were 
bulked for testing, but for the remaining four sampling days the h ilr from the three ctjws in each 
treatment was tested separately. 



diminiidi after the concentration of tiie spray increases bcgrond 12 per 
cent. The most lik^y explanation of this is that the sprays caused 
scalding which was observed to vary with the concentration of the 
DDT in the spray, and that desquamation, which was only very slight 
with the sprays of low concaitration, was particularly severe on the 
cattle sprayed with 16 and 20 per cent, solution. It is possible that 
the scabs of epithelium working out through the hair carried away 
a proportion of the DDT in the case of the 16 and 20 per cait. sprays. 

The samples taken the day following treatment showed that |:he 
hair from the 1 per cent, treatment affected the flies somewhat more 
slowly than the hair from the remaining treatments. Tliis seems to 
suggest that somewhere between the 1 and 4 per cent, concentration 
complete coverage of the hair with DDT occurs. 


5. Factors Responsible for Loss of DDT from Cattle 

Early in the research consideration was given to the possible factors 
responsible for the comparatively rapid disappearance of DDT from 
cattle. Suggested factors were as follows: (a) Rainfall, (h) solar 
radiation, (c) detoxification by dust or mud, (d) rubbing and licking 
by the cattle, (e) natural shedding of hair, (/) absorption into the 
skin and hair, (g) removal or destruction by sldn secretions, (h) re- 
moval by flakes of epithelium. 

Factors (a) and (b). 

Peairs (1946) attributes importance to rainfall. Matthysse (1946) 
also considers that rainfall and sunlight are of major importance in 
the removal of DDT from sprayed cattle, advising spraying under 
the belly as well as over the back, to ensure lasting protection from 
horn flies. Evidence has been advanced in previous sections to show 
that DDT disappears more rapidly from the flanks than from the 
shoulders. This is inconsistent with the theory that rain and solar 
radiation are major factors in the removal of DDT from cattle. 

To obtain some check on the effect of these factors on the rate 
of disappearance of DDT from cattle, two pieces of hide from a freshly 
killed beast were sprayed with 4 per cent. DDT in power kerosene, 
and two with 4 per cent. DDT in power kerosene emulsion. One half 
of a hide from each pair was protected from rain by covering it with 
a shield of celluloid, which did not, however, impede the circulation 
of air. The other half was left unprotected. ITiese hides were exposed 
to the weather on a roof at Malanda on April 28, 1944, the other 
member of each pair being stored indoors as control. One month after 
exposure both the portion exposed to sun and rain and that exposed 
to the sun only, of both solution- and emulsion-treated hides were as 
strong in their effect on buffalo flies (confined on them under petri 
djUbas) as the corresponding controls. Only 15 points of rain had 
recorded since the date of exposure, and the days had mostly 
fine and warm. 

Two months of exposure produced a noticeable weakening of the 
tolDT on the completely expos^ end of both hides compared with the 
appropriate control. The portions protected from the rain on each 
hide showed a higher concentration of DDT than those exposed to both 
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sun and rain, but the effects on the flies were noticeably weaker than 
those produced by the controls. The rainfall recorded since the previous 
test totalled 519 points, and there had been very little sunshine. 

At 3i months these effects were somewhat accentuated, but there 
was still sufficient DDT on all the exposed hides to kill buffalo flies. 
A further 551 points of rain had been recorded since the previous tests, 
with a fair number of fine days. 

Had similar preparations been applied to living cattle at the same 
time as the hides were treated, it is unlikely that even a trace of 
DDT would have been detected at the first examination one month 
after treatment, irrespective of the weather conditions to which the 
cattle had been subjected. Thus it appears that the effect of weather 
is quite insufficient to account for the rapid disappearance of DDT 
from living cattle. 

Factor (c). 

Detoxification of the DDT by dust or mud, either mechanical or 
chemical, may occur under certain circumstances, but DDT disappears 
from cattle grazing on unbroken swards of green paspalum, where 
both dust and mud are reduced to a minimum. 

Factor (d). 

Rubbing and licking by the cattle probably remove considerable 
quantities of DDT. The disappearance of the DDT faster from the 
flanks than from the shoulders may be accounted for by the animals 
rubbing against bushes and long grass. Whenever a beast lay down 
to rest, it would probably brush-off some of the deposit. 

Some beasts at least can reach a considerable area of the body 
surface with the tongue, from the butt of the tail to the base of the 
neck, in the course of the natural cleaning of the skin. It is not 
unlikely that licking, which is an exceedingly vigorous action, removes 
a considerable amount of DDT. In one experiment in which a DDT 
spray was applied to cattle in sufficient quantity to leave a white 
coating on the hair, the visible deposit was completely removed where 
the tongue had traversed the skin. 

Factor (e). 

Natural shedding of hair in small quantities is a continuous process 
(Duerden and Whitnall, 1930). At most times of the year it is 
insufficient to account for the rapid disappearance of DDT from 
cattle, though it may be a factor during the post-winter moult, which 
does not, however, extend over a very long period. 

Factor (/). 

Absorption into hair, if it occurred, would be detectable by chemical 
analysis of hair sampled after other methods had indicated there was 
no DDT left on the hide, but analyses do not point to this factor as 
a reason for the disappearance of DDT from cattle. Absorption into 
the skin is more likely to occur, but more difficult to detect. 



40 


Factor (g). 

Removal or destruction by skin secretions is a factor still awaiting 
investigation. Kelly (1943) states that European breeds of cattle 
have almost lost the power of sweating. This would appear to rule 
out at least a mechanical effect from sweat. Little is known of the 
sebaceous material of cattle, but the continuous secretion of this may 
play a part in the removal of DDT. 

Factor {h). 

The mechanical effect of desquamation may be of some importance. 
The natural shedding of scurf would certainly remove the DDT from 
the immediate skin surface. However, it is doubtful whether scurf 
in working its way out through the hide, would scrape DDT off the 
hairs, though where scalding had been produced by a spray, large 
scabs working their way out through the hair may scrape off some 
DDT. 

To sum up, most importance in the removal of DDT from cattle 
is attributed to the beasts' licking themselves, and rubbing against 
plants, the ground surface, etc. The effect of meteorological factors 
is secondary in importance. In addition there are factors associated 
with the skin physiology of the cattle which still await elucidation. 


6. Discussion 

As stated earlier in this paper, the problem of the control of the 
buffalo fly on cattle is closely bound up with the problem of the 
control of the cattle tick. Should DDT come into general use for 
the control of the tick, the control of the buffalo fly would be achieved 
automatically. In comparing the cost of using Rucide for the control 
of tick with that of arsenical dipping, this iact should be taken into 
account. 

Where the use of arsenicals is continued, mustering for dipping 
affords a convenient opportunity for the application of the com- 
paratively small dose of DDT required for the control of the fly. 
Cattle entering a dip with a wet deposit of DDT emulsion on their 
hides have been found by chemical analysis of hair samples to lose 
about 95 per cent, of the DDT in the dip.* Therefore the only practical 
place for spraying is in the draining pen, unless another crush is 
available, to which the cattle can be passed without trouble after 
dipping. No interference with the effectiveness of DDT sprays seems 
to result from spraying cattle that have only partially drained after 
dipping. Unfortunately in some cases draining pens are large enough 
to permit fairly free movement of the cattle, making it difficult for 
an operator to reach beasts in the centre. Better access can be had 
by erecting a catwalk " of raised planks around the pen, which will 
enable a man to operate spraying gear over the fence, without inter- 
ference to his movements by the posts or rails. Knapsack sprays with 
-trigger-grip control of jet, and enough hose to permit one man to 
operate the pump while another manipulates the spraying nozzle have 
b^n found satisfactory' in the comparatively small-scale experiments 

♦ Analyses performed by Mr. R. H. Hackman of the Division of Economic 
Entomology. 



41 


described herein, and many graziers have successfully used these and 
other hand-sprays for the treatment of beef cattle after dipping. How- 
ever, for really large-scale work, motor-driven pumps are essential, 
and attention is now being given to the selection of suitable machinery 
for this purpose. A simplified spray race, with draining fioor, and a 
few permanently-fixed jets to treat the upper parts of the animals is 
also a practical possibility. 

As mustering for tick control is availed of for the application of 
sprays to control the buffalo fiy, the spray applied should prodiice 
satisfactory control of the fiy for the period of 3 weeks which usually 
elapses between dippings. Matthysse (1946) states that emulsions 
must contain at least 2-5 per cent. DDT to afford lasting protection 
against the horn fiy. In the research on the buffalo fiy, most attention 
has been given to emulsions containing 4 per cent. DDT, as it was 
found early in the investigations that this concentration very nearly 
fulfilled the requirement of affording protection for the period of 3 
weeks between dippings tor the control of the tick. Increasing the 
protective period by even a week involves an inordinate increase in 
the concentration of the spray used. Possibly slightly lower concentra- 
tions of emulsions would prove satisfactory, but even treatment with 
4 per cent, preparations sometimes permits the re-establishment of a 
considerable population during the third week after spraying. Rucide 
gives satisfactory results at 1 per cent, concentration (i per cent. 
p,p'~DDT), ‘resulting in the cattle remaining virtually free of flies 
for about a fortnight. Increasing the concentration of the Rucide does 
not appear to enhance protective periods as with emulsions. Matthysse 
(1946) found that no gain resulted from increasing the concentration 
of suspensions above 1 per cent. 

For large-scale use of DDT against the buffalo fiy, Rucide is un- 
questionably the most suitable preparation yet available. For the 
small owner, however, emulsions have the advantage that any fraction 
may be drawn from a supply of concentrate without detriment to the 
quality of the remainder. On the other hand the stratification of 
solidified Rucide requires that the whole of a batch should be melted 
before a portion is removed. The remelting of the bulk supply creates 
a risk of wastage of material. 

The partial spraying (i.e., spraying over shoulders only) of cattle 
with 1 per cent. Rucide is the cheapest method of buffalo fiy control. 
About 3 gallons of spray are required for one treatment of 100 head. 
During the course of the average buffalo fiy season (usually about 5 
months), approximately 7 sprayings are required. The present price 
of Rucide (1 lb. lots) is 8s. 6d. per lb., so that the cost of treating 100 
head against buffalo fiy in a typical district is about 19s. per annum. 

Dairy farmers may use either traps or sprays to keep their milking 
cows free from buffalo flies, but partial spraying of cattle- for buffalo 
fiy control is so cheap and effective that the use of traps is no longer 
considered economical. The initial cost of a trap is f25~f30, which, 
quite apart from depreciation and maintenance, is equivalent to the 
cost of sufficient spray materials for the protection of 100 head (more 
than the usual number of cows in a milking herd) for between 20 
and 30 years. Furthermore there are usually dry cowS and other stock 
on a dairy which cannot be made to use a trap, and for the protection 
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of whidi spraying gear and DDT must be purchased iireiqtective of 
what is done for the protection of the milidng herd. Partial spraying 
may therefore be advised as the most generally useful method of 
ccHitroUint the buffalo fly. 

As described in Section 3 (ii) of this paper, there is good reason 
to believe that the larger the area of land over which simultaneous 
treatment of all cattle with DDT is carried out, the more effective 
and prolonged is the control of the buffalo fly. Thus it appears logical 
to' conclude that the most economical and effective method of buffalo 
fly control in closely subdivided districts would be the simultaneous 
spraying with DDT preparations of all cattle over wide areas. 
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The Use of DDT in Dips to G)ntrol Cattle Tick 

By JL. F. Hitchcockf M.Sc.* and L M. Mackerras, BSc., M.B., Ch.M* 


Summary, 

Field experiments are reported in which good control of cattle tick 
(BoophilU8 microplua Canest.) was obtained with dips charged with i per 
cent. DDT in a water-miscible preparation. 

Residual activity lasted between one and two weeks, during which time 
the cattle appeared to act as poisoned baits clearing the pastures of 
larval ticks. 


1. Ifitroduction 

The dipping observations here reported were planned by the 
writers, but were carried out in various parts of Queensland by several 
members of the Division of Economic Entomology, namely, at Rannes, 
by L. F. Hitchcock, W. J. Roulston, and W. R. Horne; at Gracemere, 
by W. J. Roulston; at Toomba, by W. J. Roulston and R. W. Kerr; and 
at Innisfail, by G. J. Snowball, R. W. Kerr, A. Mills, and R. Meyers. 

During the past four or five years, owners in parts of Queensland 
had been experiencing increasing difficulty in controlling ticks, even 
with fortnightly dipping in ordinary arsenical solutions, while many 
cattle .moving south were being held up for repeated dippings at 
cleansing stations. It seemed evident that resistance to arsenic was 
spreading in the tick population, and the search for an alternative 
killing agent therefore became urgent. Evidence from abroad 
(unpublished O.S.R.D. reports) and preliminary experiments in 
Queensland had shown that emulsions containing DDT were efficient 
in killing the cattle tick {Boophtlus microplus) in all its parasitic 
stages, but a stumbling block to further progress was the difficulty in 
obtaining a preparation which would remain stable in a dip and could 
be used safely on a large scale. At this stage Messrs. Taubmans 
Ltd., Sydney, developed a water-miscible preparation, which they 
registered imder the name “ Rucide,"' and which gave some promise 
of fulfilling requirements. Owing to the energetic co-operation of 
Mr. J. L. Wilson, Chairman of the Cattle Committee of the United 
Graziers Association of Queensland, and his willingness to risk losses 
of cattle to test the efficacy of DDT in dips, we were able to begin 
field trials much more quickly than would othenvise have been possible. 

The work is not complete, but the results of the field experiments 
have been so good that a preliminary report is felt to be justified. 

There are three separate phases in the control of cattle tick in 
Queensland: — 

(i) Control of ticks on grazing and dairying properties. The 
aim is not to exterminate the ticks, but to reduce their 
population to a level at which the minimum of damage 
is caused, while permitting enough transmission of 
piroplasmosis for cattle to maintain their immunity. 

* An officer of the Division of Economic Entomology. 



44 


(ii) Cleansing cattle for movement from infested to clean 

country, so that spread of infestation in Australia will 
be retarded. 

(iii) Reclaiming infested country by a campaign of eradication. 

We are concerned here only with the first of the three. Cleansing 
experiments are being undertaken, and the residual activity of DDT 
gives it obvious advantages for eradication of ticks, but neither will be 
considered further in the present paper. 

Our thanks are especially due to Messrs. J. L. Wilson and C. 
McDouall (Rannes), Alister Archer (Gracemere), E. E. D. White and 
H. McKinnon (Toomba), and W. D. Davies and A. Stoter (Innisfail) 
for their co-operation and help in the field work, and to Messrs. 
Taubmans Ltd., Sydney, for the gift of part of the Rucide used. 

2. Preliminary Experiments 

Several experiments were carried out on small groups of cattle in 
1944 and 1945 by one of us (L,F.H.). The cattle were mostly sprayed 
individually, usually with a power sprayer, and DDT emulsions were 
used in most experiments, though solutions were occasionally employed. 
Their purpose was to determine the toxicity of DDT to ticks, but they 
also provided guidance for the later work with Rucide, so the results 
may be reviewed briefiy here: — 

(i) Using 0-5 per cent. DDT in alcohol on artificially ipfested 

cattle, semi-engorged nymphs were found to be relatively 
resistant, and all other parasitic stages highly susceptible. 
This observation has been confirmed in later field work, 
the nymphs being the slowest to die, and any survivors 
maturing having been in the nymphal stages when 
dipped. 

(ii) On naturally infested cattle sprayed with emulsions, 0-5 

per cent. DDT gave a good kill of ticks, 1 per cent, a very 
good kill, and 2 per cent, practically consistently a 
complete kill in 68 animals tested. Protective periods, 
during which larval ticks failed to attach, were: — 

0-5 per cent. DDT — 7 days. 

1 per cent. DDT — 9-10 days. 

2 per cent. DDT — 10-12 days. 

(iii) In examining .the efliect of season, ten animals were sprayed 

with 2 per cent. DDT emulsion in September, December. 
April, and July. The kill was practically 100 per cent., 
and the protective period 11-12 days at all seasons. 

(iv) In a preliminary run with Rucide, spraying only one animal 

at each strength, the following results were obtained: — 


Strength, 

Kill. 

Protective 

Period. 

2 per cent. DDT 

complete 

15 days. 

1 per cent. DDT 

complete 

12 days. 

0*5 per cent. DDT . . 

very good 

10 days. 

0‘25 per cent. DDT . . 

good 

7 days. 
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In view of these results, and because dipping was expected to wet 
the cattle more efficiently than spraying, 0*5 per cent. DDT was 
chosen for the first dipping experiment. 

Although there was no reason from the literature (unpublished 
O.S.R.D. reports; Orr and Mott, 1945) to expect that DDT would be 
toxic to cattle at the concentrations proposed, it was considered wise 
to carry out some experiments under Australian conditions. A well- 
grown beast might retain a gallon of fluid on the skin and hair, so 
it might conceivably absorb about 20 g. of DDT, or roughly 50 mg. 
per kilogram, from a single dipping in 0*5 per cent. DDT. Dipping 
might be monthly. Three experiments were set up, in which dosage 
considerably exceeded these amounts: — 

(i) Two animals were given an aqueous suspension of DDT by 

stomach tube fortnightly; one received seven 25-g. doses 
in 14 weeks, the other three 50-g. doses in 6 weeks ; both 
remained well. 

(ii) One animal was given 50 g. DDT in 200 ml. eucalyptus oil 

and liquid paraffin per os fortnightly for six months, and 
a control received the oil mixture without DDT; both 
remained well. 

(iii) Eighteen young Hereford steers of mean weight 548 lb. 

have been inuncted along the back weekly with 22 -5 g. 
DDT in 300 ml. peanut oil. These animals were intended 
to be maintained on a high plane of nutrition in Queens- 
land, while a parallel series under the care of Dr. A. W. 
Turner in Melbourne were to be kept on a low plane; 
owing to season, the nutrition of the Queensland group is 
only fair. The experiment is to run three years, with a 
group from each series killed for pn?t-mortem examina- 
tion at the end of each year. To the end of 33 weeks, 
no evidence of DDT poisoning has been seen. 

3. Preparation of Rucide Dips 

Rucide consists of 50 per cent. p,p'~DDT incorporated in a 
“ solubilizer."’ It is a solid, with something of the appearance and 
consistency of lard, and must be melted by heat before mixing with 
water. The procedure is to melt the Rucide, with constant stirring, 
over a slow fire, pour it slowly into a drum of soft or softened water 
(again with vigorous stirring) to make a concentrate of from 4 to 12 
per cent., and then tip the concentrate into the water in the dip. The 
resulting suspension is exceedingly fine and stable, almost of colloidal 
quality, though it does tend to settle out slowly with time. 

Certain points in the use of Rucide require brief mention: — 

(i) Heating must be slow and careful. Rucide melts at about 
100®C., and the temperature does not rise much above 
that level until a certain amount of water present has 
been driven off in fine bubbles. Normally it forms a 
clear brown solution. When all the water is driven off 
decomposition occurs at about 150 °C. The solution 
darkens, and will no longer mix with water (Powning, 

0.12900/46—4 
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unpublished). Local over-heating will produce the same 
effect in part of the material, so the need for caution 
is apparent. 

(ii) Rucide will not mix with hard waters, and a softener must 

be added if ordinary soap will not lather readily in the 
water. We have had excellent results with “ Calgon 
(sodium hexametaphosphate) at the rate of 1 oz. Calgon 
per degree of hardness per 100 gallons of the water. 
Even with soft waters we have the impression that small 
amounts of Calgon (e.g., 1 in 10,000) improves the fineness 
and stability of the suspension. 

(iii) The strength of the initial concentrate may be varied as 

desired) but should not exceed about 12 per cent. 
(Powning, unpublished). Thus, the contents of a 56-lb. 
pail may be poured into a 44-gc^llon drum of water, or it 
may be divided between two drums. Concentrates appear 
to remain stable for some hours, but the general practice 
is to have the drum at the entrance or exit of the dip and 
pour it in as soon as mixing is complete. 

(iv) It is not necessary to be over-meticulous in cleaning out a 

dip preparatory to filling with Rucide. Excess debris 
and deposit should, of course, be removed, but there is 
evidence that a moderate layer of silt on the bottom is 
beneficial, in that it prevents caking of DDT that settles 
out, and ensures that it will re-disperse readily when 
thoroughly stirred by the first few cattle to be put 
through. 

It is unfortunate that, up to the time of writing, we have not been 
able to use chemical analysis to determine the actual amount of DDT 
present in the dips. Consequently, the amount of Rucide to be added 
when topping up after use can only be calculated from volume on the 
assumption that the remaining fluid still contains 0-5 per cent. DDT, 
while the activity of the fluid can only be assessed by its actual effect 
on tick-infested animals. These limitations prevent us from offering 
collateral evidence on the results obtained; but, after all, it is the 
practical effect of dipping in which the grazier is interested, so we 
feel that the work does not lose so much by being limited to an 
examination of that effect. 

4. The Dipping Experiments 

Observation of the general effect of dipping is easy, but quantitative 
estimation is difficult, chiefly because the tick population cannot be 
determined by any method short of placing control animals in a stall 
and collecting the adults, as they fall, over the ensuing five weeks. 
CoMequently, the percentage kill of ticks cannot be recorded except in 
wpWjj|eneral terms. Data were collected in three categories: — 

wj^) The general infestation of the herd was estimated prior to 
dipping as light, moderate, or heavy, on the basis of 
numbers of ticks observable and their distribution on the 
body. Subsequent to dipping, surviving ticks could be 
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counted individually if the result was satisfactory, but 
the kill was usually lecorded as complete, nearly 
complete, or incomplete. 

(ii) Close examination of a sample series from the herd was 

made to determine the stages of development of the ticks 
present prior to dipping and also at various periods after 
dipping. These stages were classed according to Table 1 
(from Hitchcock and Horne, unpublished), and the stage 
at dipping was calculated back for survivors after dipping 
by means of the same table. Results were recorded, not 
AS numbers of ticks found, but as numbers of animals in 
the group on which the different stages were found. 

(iii) Samples of the herd were searched for re-infestation at 

various periods after dipping, the results being recorded 
as in (ii). 


Minimum 
M< an 
Maximum 


Table 1. — Stages of Boophilus microplus. 
(Age in days from attachment.) 
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(a) Rannes. 

This property, owned by Mr. J. L. Wilson and managed by Mr. C. 
McDouall, is 55 miles south-west of Rockhampton. On February 8, 
1946, a dip was filled with 3,000 gallons of 1 per cent Rucide (0*5 per 
cent. DDT), the water being softened with 1:1,000 Calgon. On 
February 8 and 9, 1,800 head of Hereford and Shorthorn cattle, 
comprising 400 grown bullocks and bulls, 500 '^eders, and 900 mixed 
cattle 9 to 24 months old, were dipped, animals for subsequent 
examination being tagged at intervals throughout the dipping. 

Tick infestation was light, and all stages were present at the time 
of dipping. Subsequent examinations showed that the kill was slow, 
reaching a maximum in 5-6 days, but was good, most animals being 
completely clean, and the remainder having very few survivors, the 
maximum being less thap ten. The protective period for 45 animals 
checked ranged from 6 to lOi days, and averaged 8 days. These 
cattle were dipped again by Mr. McDouall five weeks later, when 
carrying an extremely light tick infestation. 

On February 23, 1946, the dip was stirred but not topped up, and 
105 head were dipped. The initial infestation and results were similar 
to the above. 
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Between February 8 and May 3, approximately 5,000 head of 
cattle were dipped, and 4,000 gallons of 0*5 per cent. DDT suspension 
added in topping up, about 2,000 gallons of fluid remaining in the dip 
at that time. Ticks were very scarce throughout this period. 

On May 5, as sufficiently infested stock were not available on 
Rannes, a neighbour, Mr. C. G. Guest, kindly allowed us to put 58 of 
his milkers and two bulls through the dip as a check. It had last 
been used on May 3, when it was topped up with 1,000 gallons DDT 
suspension, and 1,000 bullocks were dipped. Mr. Guest’s cattle carried 
a light tick infestation, with all stages present. Subsequently, only six 
surviving ticks could be discovered on the 60 animals. The protective 
period before re-infestation with larvae was fifteen days. 

To July 16, five months after the dip was charged, a total of 5,400 
cattle had been dipped on Rannes, and 7,600 gallons of 1 per cent. 
Rucide had been added, including the original charging. Ticks were 
still extremely scarce, and no cattle had been dipped since May. On 
July 17, 70 bullocks belonging to Mr. Donovan, another neighbour, 
were put through the dip. The owner had had difficulty in controlling 
the ticks with arsenic, and Mr. McDouall stated that all stages were 
present at the time of dipping. They were examined on July 21 by 
Mr. Roulston, who reported that the cattle were clean and no surviving 
ticks could be discovered. 

Recently, we have seen a mob of weancrs, which were put through 
this dip on October 16. They showed numerous dead remains but no 
live ticks, indicating that the suspension was still active. 

(b) Toomba. 

Toomba is owned by Mr. E. E. D. White and managed by Mr. 
IT. McKinnon; it is situated 70 miles north-west of Charters Towers 
In a well-watered basin. Ticks had been consistently heavy, and for 
the past four or five years increasing difficulty had been experienced 
in controlling them. Prior to the experiment, the station milkers had 
been dipped in arsenic weekly, but still carried heavy infestations. 

On May 29, 1946, a dip was charged with 2,400 gallons of 1 per 
cent. Rucide; the water was soft, so no Calgon was added. On May 
30, 176 heifers and 31 milkers and calves were dipped. The heifers 
had been dipped in arsenic three weeks previously, and carried a 
light-moderate infestation of all stages of ticks. The cows and calves 
had been dipped one week previously, and carried a heavy infestation 
of all stages; their hides were raw, thickened, and scabby. 

Of twenty heifers kept back for close examination, nine showed 
surviving ticks seven days after dipping. These had been in the 
nymphal stage when dipped, and the maximum number foimd on a 
single beast was ten. Re-infesting larvae were first detected on the 
eighteenth day after dipping. 

The cows showed a few surviving ticks on the head, and in one 
instance there was a line along the jaw, above which ticks were alive, 
while below it they were dead. These cows were very experienced in 
beinj^ipped, and it was suggested that they managed to keep their 
headsjiaore or^less clear of the fluid. Apart from this, the kill on the 
cowf and calves seemed to be complete. The protective period was 
twelve days. 
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From May 30 to September 14, 5,735 head were dipped, and 2,540 
gallons of 1 per cent. Rucide added. Throughout this period ticks 
remained scarce. Cattle on the property were examined by Mr. Kerr 
on September 4~15, the results, with dipping information supplied by 
Mr. McKinnon, being set out in Table 2. 


Table 2. — ^Toomba Dipping Record. 


Paddock. 

Number. 

Pro\ioub DippiiiKs 
in DDT 

Last 

DippinR to 
Examination 
(Woeks) 

Intestation 

Horse . . 

26 

May 30. July 17 . . 

7 

Very light 

Long Pocket 

186 

Last dipping, x\ug. 
12 

31 

Clean 

Canal . . 

796 

liast dipping : most 
July 11-17, a few 
June 3 

7-8"| 

14j 

Very light, a few 
moderate 

Oakey . . 

147 

May 31, July 11 . . 

9 

Very light 

Iiake . . 

204 

May 31, July 11 . . 

9 

Light, a few moderate 

Nine Mile 

106 

July 3 only 

1 

lOJ 

Moderate 

Controls “ Myola ” 

200 

Dipped 111 arsenic, some three 
wc'cks, some six weeks 
previously 

Light to heavy, 
majority moderate 


On September 14 the dip was topped up with 560 gallons 0*5 
per cent. DDT, and the 200 Myola bullocks, shown as controls in 
Table 2 and kindly made available by the owner, Mr. W. Jackson, 
were put through. It was only possible to examine them once after 
dipping, on the eighteenth day, when they were found to be clean, 
although they had been returned to Myola, where ticks had remained 
active during the period under review (June to September inclusive) 
and DDT had not been used. 

(c) Gracemere, 

Gracemere, owned by Archer Bros., is within a few miles of 
Rockhampton. A dip of 1,600 gallons capacity was filled on July 23, 
1946. The available water was extremely hard (59 grains per gallon, 
recorded as CaCOg), and the dip was charged with 168 lb. of Rucide 
and 40 lb. of Calgon. The suspension formed appeared to be of 
satisfactory fineness and stability. 

On July 24, 182 head of mixed cattle, carrying a light to light- 
moderate infestation of ticks in all stages, .were dipped. Kill was 
recorded as complete, except for an occasional engorged or semi- 
engorged nymph, and one or two adult ticks resulting from these 
nymphs were found on each of ten animals of 36 re-examined on the 
22nd day. Re-infesting larvae were found on the 11th, 14th and 22nd 
days, but none beyond the medium-sized larval stage even at the last 
examination. 
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On July 24, two bullocks whidi had been used as controls for 
earlier q)raying experiments and had not been dipped for several 
numths were also dipped. They carried heavy infestations, and had 
a thick matted winter coat of hair carrying a lot of scurf and skin 
debris. The kill was incomplete, between 50 to 100 nymphs and adults 
surviving on each animal. One was re-dipped on July 29. On 
Axigust 15, 22 days after the original dipping, the re-dipped animal 
was clean, and the other carried three adult ticks only. 

Other cattle were dipped in the interim, and by September 5 the 
fluid in the dip was down to about 800 gallons. The suspension 
appeared normal, and was topped up with 450 gallons of water, 45 lb. 
Rucide, and Hi lb. Calgon. One hundred and thirty-nine animals of 
the mo}) dipped six weeks previously were examined and dipped. They 
carried a light to moderate infestation of ticks in all stages. Six 
days after dipping 15 of the 21 kept for close examination were 
clean, seven showed one to four survivors, and one very large animal 
had a numbers of survivors on the shoulders. The protective period 
was not determine. 

During this period, July to September, undipped controls had 
moderate to heavy infestations with all stages* of ticks. 


(d) Innisfail, 

The dip used was at Goondi, within 5 miles of the town. It is 
owned by Mr. W. D. Davies, and the cattle dipped were his beef herd, 
and dairy cows belonging to Mr. A. Stoter. The dip was charged on 
August 4, 1946, with 1,860 gallons of 0-9 per cent. Rucide. The water 
was fairly soft, but 1:4,000 Calgon was added as a precaution. 

On August 6, 156 head were dipped, comprising 26 dairy cows and 
two bulls, carrying a moderate infestation, and 128 heavily infested 
beef cattle of mixed ages and sexes; all stages of ticks were present. 

Individual surviving ticks were found on about half the dairy 
cattle. The first re-infesting larvae were observed on the fifteenth day, 
and the first engorged adult resulting from re-infestation was found 
on the 35th day. On September 1.7. six weeks after dipping, they 
were considered by the owner and the Stock Inspector (Mr. J. 
Littleton) to be sufficiently infested to justify re-dipping. Owing to a 
misunderstanding, they were then sprayed with arsenic. 

The beef cattle were in three mobs, one of which was available 
for regular examination. Practically all ticks were killed on this mob, 
only an occasional survivor being found at later examinations, while 
the protective period was estimated at fourteen days. When the 
cattle were put together for re-dipping on September 24, seven weeks 
after the first dipping, one mob (cows and calves in poor condition) 
was heavily infested, and the owner considered he shoijQd have dipped 
them a fortnight earlier: the second were lightly infested; and the 
third so lightly infested that dipping might with advantage have been 
postponjii. * All <Svere re-dipped, with satisfactory control of ticks 
(Table 3) and a prptective p^od of seven to nine days. 
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5. Discussion 

tliese experiments were carried out over a wide range of country 
and tick populations from North to Central Queensland; and the 
Queensland Department of Agriculture and Stock has made observa- 
tions with essentially similar results near Toogoolawah in South 
Queensland. Ticks on some of the properties were apparently 
“ normal/' but those on Toomba (and probably on Mr. Donovan’s 
cattle) were “ arsenic resistant.” 

Much remains to be done, particularly on the practical interval 
between dippings, the long-range effects of DDT on the populations 
of larval ticks in the pastures, and the balance between tick control 
and maintenance of immunity to piroplasmosis ; but enough information 
has been obtained to give considerable hope for the future. The 
collective results of the experiments to date may therefore be reviewed 
briefly here as a starting point for future work. 

• 

(a) Effect on the Cattle, 

The blandness of the DDT dipping in contrast to arsenic has been 
a striking feature to the owners of the cattle. Cattle rest and feed 
quietly after dipping, show no immediate irritation or later scalding, 
and a rapid improvement in the condition of their coats has been 
observed. It was also noted at Gracemere that they foraged more 
freely and widely after DDT dipping than after arsenic. No informa- 
tion is yet available about weights of beef cattle or butter-fat 
production of dairy cows. 

(b) The Kill of Ticks, 

As in the earlier spraying experiments, kill was slow, taking five 
to seven days to reach a maximOTfi. Larvae and young nymphs 
disappeared within the first two days, and most adults by the fifth day. 
It is difficult to be sure whether the large adults were all killed, or 
whether some dropped off naturally. Engorged adults collected after 
spraying had usually failed to lay viable eggs, but a few kept at high 
humidity did (Horne, unpublished). The last to die were the 
engorging nymphs, and all the survivors subsequently found developing 
were in this stage when dipped. 

It is difficult to estimate the percentage kill. However, no cattle 
were used for observation if their infestation was classified as les« 
than ” light ” and unless all stages of the ticks could be readily found. 
Ticks are cryptic animals, except w^hen approaching full growth, and 
surprisingly high populations are necessary even to qualify for the 
designation “light.” Legg and Foran (1929) made a series of counts 
by stalling their animals and collected the adults as they matured. 
Their lowest count for an untreated control classed as “ light ” was 
666, and the mean of ten “light” infestations was 3,489.^ We may 
safely conclude, therefore, that few if any animals in our series had 
less than 1,000 ticks on theni prior to dipping. 

One week after dipping in DDT, the animals in the groups kept 
for close examination fell into three classes: those on which kill was 
complete; those on which a very few (always less than ten, and 
usually only one or two) ticks survived and grew; and those on which 
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from about 20 to 100 ticks in various stages survived, and the 
kill was regarded as incomplete.'^ The distribution of these groups 
in these experiments is shown in Table 3. 


Table 3. — ^The Kill op Ticks with DDT One Week after Dipping. 




Number of 


Tick Kill 


Experiment. 

Original Infestation. 

Beasts 

Examined. 

Complete 

Nearly 

Complete 

Incomplete. 

Eannes 1 

Light 

45 

30 

15 

. . 

Rannes 2 

Light 

30 

27 

3 


Rannes 3 

? Light 

6 

6 

•• 

•• 

Toomba 1 

Light-moderate to heavy 

25 

14 

10 

1 

Toomba 2 

Moderate 

20 

20 

• • 


Gcaoemere 1 . . 

Light-moderate to heavy 

36 

24 

10 

2 

Graoemere 2 . . 

Light to moderate 

21 

10 

10 

1 

Innisfail 1 

Heavy 

23 

13 

10 

•• 

Innisfail 2 

Moderate . . . . 

12 

9 

3 


Total . . 

Light to heavy 

218 

153 

61 

4 


The kill with 0-5 per cent. DDT was therefore complete on 70 per 
cent, of animals examined carefully, less than 100 but more than 
99 per cent, on 28 per cent, of the animals, and more than 90 pei* 
cent, in the remaining 2 per cent, when allowance is made for the 
heavy infestations they carried.* 

(c) Protective Period, 

The most remarkable feature of DDT dipping is that, unlike 
arsenic, the residue kills all invading larval ticks for several days 
after dipping. Cattle were seached for live larvae very carefully, and 
the day on which they first appeared was recorded. They are extremely 
difficult to see, so the results were checked by later re-examination 
at times when the re-infesting ticks would have grown sufficiently to 
be found with reasonable certainty. The day of attachment was then 
calculated from Table 1. The results agreed satisfactorily with the 
earlier observations, so it may be taken that the protective periods 
recorded were reasonably accurate. 

The mean protective periods recorded varied from eight and a half 
to more than eighteen days.f 

* Two of the “ failures ” were suspected to be due to incomplete 
immersion. One of the four was re-dipped and cleansed of ticks five days 
after the first dipping, and the other three became practically clean as ticks 
dropped off during the period of protection from re-infestation. 

t Mulhearn (.Queensland Department of Agriculture and Stock), using 
sprayed cattle #nd a different method of observation, has had shorter 
complete protection times, but his results still indicate an enormous 
destruction of re-infesting larvae. 
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These results require qualification in two respects. In the first 
place, the season was bad in some areas, and natural re-infestation 
may have been retarded. This applied to the first observation at 
Toomba, where frosts inhibited attachment of larval ticks on controls 
for three days during the critical second week of observations, and it 
may have applied, too, to Rannes. It did not hold for Gracemere, 
where controls became re-infested normally, nor to Innisfail, where 
the tick population was high and active, nor probably to the second 
observation at Toomba. On the other hand, there is evidence that 
many re-attaching larvae die, and that those first seen do not neces- 
sarily survive. The effective protective period may therefore be 
longer than we have recorded. 

(d) Interval Between Dippings, 

With a protective period of ten days and a developmental period 
of 22 days, a dipping interval of about four weeks might be considered 
necessary. However, the rate of re-infestation has, except for one 
group of Mr. Davies’ cattle, always been slower than might have been 
expected, and the interval to the second dipping has been more of the 
order of six to seven weeks. Even then, most of the cattle have been 
too lightly infested for us to attempt to record the kill of ticks. 

There may be three reasons for this prolongation of the interval 
to the second dipping: — 

(i) The dry (and, for part of the time, cold) season may have 

retarded re-infestation. This factor could have contri- 
buted to the result at Rannes, and doubtfully contributed 
at Gracemere and Toomba, but not at Innisfail. 

(ii) The effective protective time, during which most of the ticks 

attaching died, may have been longer than the complete 
protective time recorded. There is some evidence from 
post-dipping counts to favour this, and it seems likely 
(and reasonable) that the period of complete protection 
is succeeded by one of partial protection during which 
the DDT is gradually disappearing from the beast. 

(iii) While the cattle are still poisonous to ticks they act as 

poison baits, collecting the larval ticks from the pastures, 
and in this way they may produce a profound effect on 
the general tick population. We have as yet no accurate 
means to measure density of larval ticks on pastures, but 
we have a strong impression that the population is greatly 
reduced, and suspect that this may be the most important 
effect of all. ilie subsequent history of these cattle 
supports the suspicion. 

The intervals between the second and subsequent dipping have 
generally been longer than those between the first and second. At 
Rannes we have never since the first dipping been able to find sufficient 
ticks to record kill, and have had to depend on the loan of neighbours’ 
cattle to make observations; at the last inspection the Rannes cattle 
had not been dipped for three months. The position at To()fintt>a is 
shown in Table 2, but the other experiments have not yet run 
sufficiently long to give information. Again, the dry season may have 
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played a part, though the presence of ticks^ on^ mighhourb^t properties 
makes it difficult to attribute the whole effect to season. In g^ral, 
we are led to hope that, once control well established (perhaps in 
bad areas by two dippings at fairly short intervals), the periods 
between dippings with DDT in seasons favourable to ticks may be 
two months or more. 

(e) Stability of the DDT Stispension. 

These dips have been used in accordance with normal practice; that 
is to say, they were charged, and then topped up from time to time 
with fluid to replace that removed by the dipped animals. This 
usually lay between 3 and 1 gallon per head, and possibly some 
additional fluid was lost by leakage or evaporation. We do not yet 
know whether any significant changes of DDT content have occurred 
during the periods of usage, standing, and topping up with 1 per cent. 
Rucide. Judging by appearance, the suspension seems very gradually 
to settle out on standing, but to mix again readily (especially if there 
Is a little silt in the bottom of the dip) when a few head are put 
through to stir it before dipping the main mob. On present indications, 
this would seem to be a sound precaution, even with freshly made 
suspensions. 

Our longest experience so far has been for eight months at Rannes, 
at the end of which time the fluid appears to have been as active as 
it v/as at the beginning. At Innisfail, the fluid was active after six 
weeks* standing without topping up, but in all other observations 
fresh suspension was added before dipping, usually amounting to a 
fifth to one-third of the total volume of fluid. Thus, at the last 
detailed Rannes observations, the dip had not been used for three 
months, 500 gallons of fresh suspension were added to the 1,500 gallons 
of old suspension already present, and the cattle were then dipped. 

So far as present experience goes, no term can be set to the duration 
of activity of this suspension. 

(/) The Practicability of Dipping in DDT Suspensions, 

DDT suspensions have certain advantages and disadvantages as 
dipping fluids. The advantages are: — 

Efficiency in controlling ticks, whether arsenic-resistant or not. 

Prolongation of interval between dippings, as compared with 
arsenic. (It has been estimated that dipping costs 2Jd. per 
head for mustering and handling and id. per head for wear 
and tear of yards, in addition to the costs of materials and 
labour to fill the dip.) 

Not only control but probably extermination of buffalo fly oh 
the property (Norris, 1947; Snowball, unpublished); 
probably also control of lice, and possibly of sandflies 
(Simuliidae and Ceratopogonidae) and bushflies (Musca 
vetustissima). 

Absence of irritation or scalding, so that cattle wdll rest 
contentedly, or can be worked freely, immediately after 
dipping. 



A probable, but as yet unassessed, improvement in condition 
and productivity resulting from a combination of these 
four effects. 

The disadvantages are: — 

It costs about 4 id. per head for materials to dip in Rucide as 
compared with id. per head for arsenic. 

The suspension is more troublesome to prepare than an arsenic 
solution, and requires considerably more care and attention 
to detail. 

The owner must weigh costs against benefits, and decide whether 
he is prepared to give the DDT suspension the intelligent handling it 
requires. In our present state of knowledge, we would unequivocally 
recommend the use of the suspension in areas where ticks are difficult 
to kill with arsenic, and buffalo flies are prevalent. In other areas, 
the balance is more delicate, and more experience is needed to decide 
whether the over-all benefits from DDT dipping outweigh the cheapness 
of arsenic dipping 'plus partial spraying with DDT (Norris, 1947) to 
control buffalo flies. 
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Addendum (February, 1947) 

Several developments have occurred since the above was written: 

(i) The long-range toxicity experiment mentioned on page 45 has 
now run for 51 weeks, without the cattle showing any detectable 
ill-effects. 

(ii) In charging the dip, it is satisfactory to pour the drum of molten 
Rucide slowly directly into the vat, while the water is stirred vigorously 
with a paddle, thus saving the trouble of making a preliminary 
concentrate. 

(iii) Analyses indicate that, after use, the DDT content of the dip 
often falls to 0-35 per cent, or less. In topping up, therefore, it is 
recommended that not more than 500 gallons of water be added for each 
56 lb. drum of Rucide. If there is any doubt that the dip is killing 
ticks efficiently, samples taken immediately after stirring by about 
twenty head of cattle should be sent for analysis. 

(iv) The dips mentioned in the paper have continued to give good 

control of ticks, while buffalo flies have remained difficult or impossible 
to find. Dips charged with 0-5 per cent. DDT have now been studied 
also at Ingham, Townsville, and Ayr, with essentially similar results 
to those recorded in the^ paper. * 
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The Persistence of DDT on Cattle 

By R, H. Hackman, MSc* 

Summary. 

Evidence is brought forward to show that the most important factor 
causing the removal of DDT from cattle sprayed with DDT preparations 
is licking, either by the animal concerned, or by another animal. Other 
factors have been investigated, viz. solar radiation and rain, growth and 
loss of hair, rubbing, production of skin secretions, absorption into the 
skin and hair and flaking of the epithelium, but these have been shown to 
play a minor role. It is concluded that the amount of DDT ingested by 
licking would not be sufficient to produce toxic symptoms. 


1. Introduction 

DDTt has j^een shown to be a very valuable insecticide for the 
control of the major cattle pests, viz. cattle tick, buffalo fly, horn 
fly, etc. in Australia, the U.S.A., and South Africa. The frequency 
of application of DDT preparations for the effective control of these 
pests depends upon the persistence of the DDT on the animals, and 
the longer the period of persistence, the lower is the cost of control. 

Field tests have shown that deposits of DDT on living animal 
surfaces do not have the lasting effect expected from tests on household 
insects. On non-living surfaces, deposits have been reported to be 
effective over a period of twelve months or more, but under field 
conditions, deposits on living cattle surfaces remain effective only for 
from one to two weeks for preparations containing up to 2 per 
cent. DDT. Many factors, viz. production of skin secretions, growth 
and loss of hair, leaching action of rain, disturbances by body move- 
ment and wind, friction against external objects, and licking, which 
combine to keep the coat clean, may play a part in the removal of 
DDT. To these as possible causes for the removal of DDT must be 
added breakdown under solar radiation, absorption into the skin and 
hair, and removal by flaking of the epithelium. 

Three methods are available for measuring persistence: 

(a) chemical analysis of extracts from clipped hair; 

(b) bioassay of clipped hair samples; and 

(c) following the trend of the pest population in the field. 

Chemical analyses are useful for the direct comparison of persistence 
on hair, though for accurate analyses, hair samples weighing several 
grams are necessary. When trends only are required, hair samples 
of about one gram suffice. For cattle tick and buffalo fly work there 
is no standard test insect for the bioassay of clipped hair, and random 
samples taken from field collected populations of larval ticks and 
buffalo flies have to be used. For a discussion of this method and 
method (c) see Norris (1947). 

♦An officer of the Division of Industrial Chemistry, seconded to the 
Division of ^|]conomlc Entomology. 

tin this paper, by DDT is meant: 2:2-bis(p-chlorophenyl)-l:l:l- 
trichloroethane. 
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2. Solar Radiation and Rain 

DDT shows absorption in the region 2200-2500 A (ultraviolet) 
(with a maximum at 2360A in 95 per cent, ethanol) and also in the 
infra-red but none in the region 2900-7000A (sunlight) when dissolved 
in carbon tetrachloride. This and the fact that DDT is a comparatively 
stable molecule, being decomposed easily only by alkalis, suggest that 
DDT would be stable under atmospheric conditions. Reports on the 
stability of DDT to sunlight and/or ultraviolet light have been some- 
what conflicting (Godkin and Swingle, 1945; Lindquist et ah, 1946) 
but when tested by biological methods it is generally agreed that 
the toxicity of DDT is reduced by exposure to these radiations. How- 
ever, Lindquist et ah report only a small reduction in toxicity to 
houseflies and they adduce evidence that decomposition, when it 
occurs, is restricted to the surface. Chemical estimations generally 
do not show a rapid loss of DDT under such circumstances which 
would be in accord with surface decomposition. The following 
experiments support this conclusion. As residues from emulsions 
might conceivably catalyse the decomposition. Aims formed from 
both solutions and emulsions were used. 

Preliminary work had shown that exposing DDT to bright sunlight 
or unflltered ultraviolet light (Mercura Lamp 83, 240 volts, 80 watts) 
for periods of a few days did not cause any detectable decomposition. 
Therefore, it seemed mo/e practical to use an instrument which would 
give an '' intensified sunlight.'* A twin carbon arc Weatherometer 
was used which gave a radiation closely resembling sunlight, it being 
only very slightly richex" in the ultraviolet. Thin films of DDT (150 
gamma DDT per cq. cm. in glass T>etri dishes), prepared from an 
alcoholic solution of DDT and from an emulsion’^ were exposed in 
the Weatherometer for 96 hours at 60^C., the humidity being relatively 
high as the base of the instrument consisted of a tank of water over 
which a steady upward flow of air was maintained. This period 
corresponds to an exposure for a period exceeding four months to 
the south-eastern Australian climate. Care was taken to see that 
all specimens received equal irradiation. The DDT was estimated 
by the dehydrochlorination method, after extraction with hot benzene, 
and only 56 per cent, of the pure DDT and 41 per cent, of the DDT 
prepared from the emulsion was recovered. Judging from the 
appearance of the films, it is possible that the high temperature caused 
loss of some DDT by evaporation. Despite the severe conditions of 
the experiment, this 50 per cent, loss of DDT, even had it occurred 
at ten times the rate, does not account for the recorded losses in the 
field. Moreover the films, after exposure, exhibited the normal toxicity 
of DDT to house flies. Fleck (1944) has shown that at 45'^C. the 
rate of volatilization of DDT is very slow, and, under the experimental 
conditions, a 6 • 7 per cent, loss was recorded in 37 days. 

' l?'ormula: 

DDT 2.0 g. 

Solvent naphtha 12-5 ml. 

(b.p. OO^-IOO'C.) 

Wetsit 1.25 ml. 

Water to 1 litre 
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Further evidence ip support this and to show the dfect ol rain 
is given by Norris (1947) who exposed some cattle hides to the sun 
and rain, others to the sun but protected jfrom the rain, and found 
that although the exposed hides had lost an appreciable part of their 
toxicity after three and a half months, they still killed buffalo flies. 
In two recent papers (Peairs, 1946; IVtotthysse, 1946) importance is 
attached to both rainfall and sunlight to account for the loss in toxicity 
of DDT on cattle. 


3. Qro^th and I oss of Hafr 

Cattle aie considered to have one coat of hair annually, but there 
is no special shedding period, shedding taking place slowly throughout 
the year (Duerden and Whitnall, 1930). Longer fibres are grown in 
the winter and shorter fibres in the summer so that the coat is longest 
at the end of winter. There is thus an apparent post-winter moult, 
especially in the colder climates. Excluding this period, it is incon- 
ceivable that the natural shedding of hair would materially affect 
the persistence of DDT over a period of less than a month or two. 


4. Skin Secretions 

The rate of secretion of sebaceous material is generally slow as 
is shown for Australian Illawarra Shorthorn cows at Canberra (Table 
1). Selected areas on two beasts were washed with alcohol and then 
vC^ith warm soapy water, hair samples being taken immediately before 
washing, six hours after washing when the hair had dried and then at 
weekly intervals for a period of three weeks. Sebaceous secretions 
were considered to be that material extractable with petroleum ether 
(b.p.40°~70°C.). The figures show that 35 per cent, (mean result) of 
the secretion present on the hair at equilibrium had been replaced in 
21 days. Provided the secretion does not move outward along the 
hair then this indicates a 35 per cent, increase in the amount of hair 
present. Available information (cf. Duerden and Whitnall, 1930) 
suggests that such a large rate of increase m the amount of hair 
present is highly improbable. From the figures given for one animal 
by Duerden and Whitnall ‘it can be calculated that the maximum 
average increase in the amount of hair over a three week period is 
approximately 15 per cent, and this occurred during the period of 


Table 1. 


Sccrttion Hair 


Period 



Animal 1 

All mil ^ 

Before Manhing 

1 39 a 

37 9 

47 0 

0 houFH aftei washing 

1 

(i 0 

4*() 

7 (lays later . . 



8-2 

14 days later 

12*2 

10 S 1 

10-J 

21 (layaJAte * 

18-0 

13*2 

10*4 
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rapid winter growth. Therefore the sebum must move along the hair 
in the direction of the tip. The validity of taking the pre-washing 
result as an equilibrium figure is shown in Fig. 2, where the curve 
for Series 1 shows a more or less constant value over the last 24 days 
of the experiment, this value being approximately equal to that at 
the commencement of the experiment. 

' Even though the sebum moves outward along the hair and could 
consequently take the DDT with it, the results obtained from the 
following experiment clearly show that sebaceous secretions are not 
the most important factor in the loss of DDT. 


5. Licking 

Preliminary experiments had indicated that cattle do remove DDT 
from their hides by licking and it is significant that cattle, especially 
cows, are able to lick almost every part of the body save the head 
and neck. Moreover, cattle lick each other. At Yeerongpilly, Queens- 
land, nine animals were sprayed as evenly as possible over an area of 
about two square feet on each side just behind the shoulder with an 
emulsion containing 2 per cent. DDT* using 500 ml. per beast. A 
mechanical atomizer was used, each area being sprayed to saturation. 
Before spraying three of the beasts the area to be sprayed was washed 
with alcohol and then with soap and water. These three and three 
more of the animals were prevented from licking themselves by fitting 
each beast with a piece of strong timber passing between the forelegs 
of the animal, the timber being kept in place by a headstall and 
surcingle (the latter being close to the forelegs). All animals were 
tethered in separate covered stalls during the entire experiment. The 
effects of direct sunlight were thereby eliminated. The tests were thus 
grouped in three series of three animals each: 


1. Those in which no attempt was made to prevent the animals 

from licking the treated area. 

2. Those in which precautions were taken to prevent the animals 

from licking the treated area. 

3. Those in which precautions were taken to prevent the animals 

from licking the treated area which was washed before being 
sprayed. 


An area of about one square foot was selected in the centre of 
each treated area and hair samples were taken from each side of 
each beast at the following intervals: before spraying, and 1, 3, 7, 
15, and 31 days after spraying, and each hair sample was" analysed 
for DDT and sebaceous secretion. * 


♦ Formula of emulsion concentrate: 
DDT 
Benzene 

Dibutyl phthalate 

Wetsit 

Water 


12*8 per cent. 
15*8 per cent. 
18*7 per cent. 
1-5 per cent. 
51*2 per cent. 
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For analysis the hair sample was extracted with petroleum ether 
<b.p. 40‘^-70®C.) which removed sebaceous secretions and DDT, The 
extract was filtered, evaporated to.dryness, and the residue dried to 
constant weight at 100°C., it being established that this treatment did 
not bring about any decomposition of the DDT. The residue was 
dissolved in gracial acetic acid, filtered, and made up to an appropriate 
volume (50 ml. or 100 ml.). For the estimation of the DDT the colori- 
metric procedure of Chaikin (1946) based upon the intensity of colour 
produced when p-p' DDT is heated in a mixture of glacial acetic acid 
and concentrated sulphuric acid was used, substituting a Lange photo- 
electric colorimeter with a suitable blue filter for the spectrophotometer. 

The method was found to be reproducible, advantage being taken 
of the fact that the secretions were largely insoluble in cold glacial 
acetic acid. The error was estimated not to exceed 5 per cent, and 
the amount of sebaceous secretion was determined by difference. In 
all cases the clean hair was dried to constant weight and results 
expressed as mg. per g. clean dry hair. Expressing the results in this 
way enables the results from one hair sample to be compared with 
those from another since the results are then independent of the 
amount of moisture, dirt, sebum, DDT, etc. present in each hair sample. 

The means and ranges of replicates for both DDT and secretion 
per g, hair are proportional, so by using logarithms the dispersion 
will be independent of the means. A statistical analysis was conducted 
using logarithms, and the antilogarithms or geometric means of the 
original values are presented in Tables 2 and 3, the logarithms being 
given in parenthesis. 


Table 2. — Treatment Means, mg. DDT per g. Hair. 


DaVb after Spraying 

Series 1. 

Series 2. 

Series 3. 

1 ,. 

1.3*7 (1*137) 

24*1 (1*382) 

7*9 (0*900) 

3 

‘ 3-9 (0*688) 

19*6 (1*292) 

6*7 (0*827) 

7 

•• 

12*7 (1*102) 

6*0 (0*698) 

16 

*• 

6*6 (0*747) 

6*2 (0*793) 

31 .. .. * .. 

•* 

6*3 (0*800) 

9*2 (0*962) 


Minimum difference for significance at 5 per cent, level for means of 
logarithms at the same date = 0*346. 

Mintaum difference for significance at 5 per cent, level for means between 
dates lor the same treatment == 0*267. 
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Table 3. — Treatment Means, mg. Secretion per g. Hair. 


Days after Spraying. 

Series 1. 

Series 2. 

Series 3 

0 . 

26*4 ( 1 * 422 ) 

19*1 ( 1 * 282 ) 

9*8 ( 0 * 992 ) 

1 .. 

74*6 ( 1 * 872 ) 

93*8 ( 1 * 972 ) 

31 1 ( 1 * 493 ) 

. 3 .. 

46*7 ( 1 * 660 ) 

78*6 ( 1 * 896 ) 

23*8 ( 1 * 377 ) 

7 .. 

20*7 ( 1 * 316 ) 

62*8 ( 1 * 798 ) 

16*1 ( 1 * 208 ) 

16 . 

23*0 ( 1 * 362 ) 

46*6 ( 1 * 668 ) 

38*3 ( 1 * 683 ) 

31 

19*6 ( 1 * 292 ) 

28*8 ( 1 * 460 ) 

77*3 ( 1 * 888 ) 


Minimum difference for significance at 5 per cent, level for means at 
the same date — 0-302. 

Minimum difference forjsigniflcance at 5 per cent, level for means between 
dates for the same treatment = 0-221. 


On any one occasion a sample was taken from each side of a 
beast, the location of these two samples being balanced relative to 
one another about the corresponding centres of the areas subjected 
to sampling, these areas being rectangular in shape and symmetrically 
placed relative to the spine. The same sampling sites were cut on all 
beasts on all treatments at the same date. This procedure may have 
led to a confounding of gradients on the sampled area with time of 
cutting so that in making comparisons between ajfferent times of 
cutting, this factor should be recognized. 


In Fig. 1 are recorded the amounts of DDT on the three series of 
animals in mg. DDT per g. hair, and in Fig, 2 the amounts of sebaceous 
secretions in mg. secretions per g. hair. It is interesting to note that 
in Series 1 no DDT was detected after seven days. Earlier work using 
a variety of emulsions had given a value of 1 mg. DDT per g. hair or 
less after a period varying from seven to ten days. After spraying 
there was an immediate increase in the sebaceous secretions but the 
amount per g. hair had returned approximately to its pre-treatment 
value after one week. The immediate increase in sebaceous secretions 
after spraying is presumably due to a stimulation of production by 
the emulsion used because it is known (Regan and Freeborn, 1936; 
Freeborn et al., 1934) that spraying cattle with petroleum oils or 
emulsions influences the physiological processes associated with the 
glands of the skin. The results given in Table 1 support this, for 
when cattle are not sprayed after washing no marked increase in 
secretions is recorded. 

C . 12900 / 47— 6 




0 5 iO 15 20 25 30 ' 35 

TIME IN DAYS 

Fig. 1. — ^Amount of DDT on the hair of cattle in mg. per g. of hair. 
Series 1: Cattle free to lick treated area. 

Series 2: Cattle unable to lick treated area. 

Series 3: Cattle unable to lick treated area which had been washed 
before spraying. 


Comparing Series 1 and 2» the differences three days after spraying, 
and at all subsequent samplings, are highly significant, and must be 
regarded as real. In particular, Series 2 appears to stabilize at about 
6 mg. per gram of hair while no DDT residue is observable in Series 1. 
The lower value for Series 1 at one day after spraying bears the same 
relative relation to Series 2 although the difference is not statistically 
significant. 



time in days 

IW, 2^Amount of sebaceous secretions on the hair of cattle in mg. 

per g, hair. 
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As there was no difference in the treatment of the animals in 
Series 1 and 2 until after spraying, they all should have received a 
similar deposit of DDT at zero time. A reasonable extrapolation of 
the curves of both series (Fig. 1) is 30 mg. per gram of hair at zero 
time. Taking this value, the loss of DDT in Series 1 during the first 
day, is of the order of 50 per cent. Continuing at this rate the expected 
DDT residual after three days is about 4 mg., and after 7 days only 
0-25 mg. per gram of hair. These calculated values are in accord 
with, the actual values. This very rapid loss of DDT is not shown in 
either Series 2 or 3 and consequently licking, the only known variable, 
must be considered responsible. It was not possible to prevent the 
animals from rubbing which could have caused some loss but, as 
consideration of the results of Series 2 and 3 will show, this could 
not have been the major cause. Similarly the rapid loss of skin 
secretion produced immediately after spraying was due to licking. 
After seven days an equilibrium had been established and the animals 
were removing the secretion as rapidly as it was produced. 

Series 2 consisted of animals which could not lick the treated area 
and there still remained on the animals 6-3 mg. DDT per g. hair at 
the end of the experimental period (31 days). The amount of DDT 
present dropped from a value of 24*1 mg. DDT per g. hair one day 
after spraying to an approximately constant and apparent equilibrium 
value after 15 days, the results not being significantly different from 
those for Series 3. Such a rapid initial fall can be accounted for only 
by rubbing, induced by irritation, removing fiakes of the epithelium 
and skin secretions. A similar trend is shown for the skin secretions 
in Fig. 2. As in Series 1, spraying has induced a rapid initial increase 
in the amount of secretions on the hair which is followed by a rather 
rapid loss which is consistent wi^ rubbing having removed the 
secretions. Even with this loss, the amount of secretions on the hair 
after 31 days was greater than that present before spraying. 

Series 3 shows a somewhat clearer picture. The amount of DDT 
on the hair remained approximately constant throughout the entire 
experimental period, the observed variations not being significant. 
Washing removed the major part of the sebaceous secretions prior to 
spraying which left the hair considerably cleaner than that of the 
animals in Series 2. Consequently, less DDT, i.e. less emulsion, was 
retained by the hair of these animals than by the animals of Series 2. 
The amount retained, however, appears to be an equilibrium amount 
for the emulsion used since approximately the same amoimt was 
observed on the hair of animals of Series 2 after 15 days. As before^ 
an increase in sebaceous secretions was recorded one day after spraying. 
Washing would remove much of the secretions from the skin and 
some of the secretions produced immediately after spraying would be 
used to replace this, thus giving a lower value after one' day than 
that given by Series 1 or 2. There followed a slight decrease and then 
a continuous increase due, no doubt, to the accumulation of secretions^ 
because the cattle were unable to remove them by licking. The reason 
for the decrease between one and seven days could be the same as 
that advanced in Series 2, viz. removal by rubbing which is in 
accordance with the slight decrease in the amount of DDT recorded 
after the first day. Even though irritation may lessen after one week 
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gtimulation of production may still be present owing to the oil having 
come into contact more intimately with the skin. Consequently the 
amount of secretion present after 31 days (viz. 77*3 mg. per g. hair) 
may be abnormally high. 

Since it is evident that cattle remove much of the DDT applied 
to their skin and hair by licking, the possibility of the DDT proving 
toxic to cattle becomes Important. Of all domestic animals, cattle 
appear to be the roost susceptible to DDT (Plummer, 1946; Orr and 
Mott, 1945). From the results of spray tests, it is unlikely that an 
animal weighing 500 kg. would retain on the hair and skin more 
than 50 g. DDT wh^n sprayed (or dipped) over the entire body with 
an emulsion containing 2 per cent DDT, i.e. 100 mg. per kg. of body 
weight. Assuming this to be removed uniformly over a period of 
seven days, there would be ingested daily approximately 14 mg. per 
kg. body weight, which from published data for the oral administration 
of DDT as a powder, would appear to be harmless. Added to this, 
cattle in warmer climates carry less hair than those in the colder 
climates and so would retain less DDT, and the tendency now is to 
use less concentrated LLT preparations. For the animals used in 
the experiments it is estimated that the amount of DDT retained after 
spraying, assuming th^ whole animal to have been sprayed, was about 
50 mg. per kg. of body weight which, when removed in seven days 
by licking would correspond to the ingestion of 7 mg. DDT per kg. of 
body weight daily. No symptoms of DDT poisoning were observed. 
Plummer (1946) reports that cattle sprayed over the entire body with 
a preparation containing 5 per cent. DDT remained normal. Orr and 
Mott (1945) have shown that the daily oral administration of 100 
to 200 mg. DDT per kg. of body weight as a dry powder to cattle 
for a period of three weeks is not acutely toxic and that most of the 
material is eliminated from the body, although small quantities may 
be taken up by the blood stream. Telford and Guthrie (1946) secured 
no definite evidence to indicate that any harmful effects resulted from 
spraying a Holstein cow with a preparation containing 10 per cent. 
DDT. 

Stimulation of secretion production would, no doubt, increase the 
amount of licking which would remove the DDT more rapidly. More- 
over, it seems reasonable to assume that the old secretion carrying 
the DDT, either in solution br suspension, is pushed towards the end 
of the hair by new secretion and since the old secretion is removed 
first, the DDT is lost. If this stimulation of secretion production could 
be prevented then the period of persistence may well be increased. 
This may be possible if an aqueous instead of m oil carrier is used 
for the DDT, e.g. a water suspension. The advisability of adding to 
a DDT emulsion a substance to make it so unpalatable to the cattle 
that they would refrain from licking is doubtful because the cessation 
of licking may be injurious to their health. 

6. Absorption Into the Hair 

Absorption into the hair has been advanced as a factor to account 
for the lops in toxicity of DDT on cattle. Qiemical analyses depend 
oh extraction of the hair samples with a solvent to remove the DDT; 
such treatment must recover any DDT actually present inside the 
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hair. The DDT analyses, obtained in the previous experiment, 
eliminate absorption into the hair as a factor of any importance 
contributing to the loss in toxicity of the DDT. No sorption of DDT. 
by cattle hair, from DDT solutions (alcohol and toluene) could be 
detected. Cattle hair removed, by sorption, small amounts of DDT 
from emulsions containing 2 per cent. DDT (3 mg. per g. hair; about 
3 g. per beast). Little is- known about absorption into the skin, -but 
the work described above shows that such a process, if it does occur, 
cannot be of importance in removing DDT from the hair (cf. Series 2 
and 3). 

7. Conclusion 

From the foregoing work, it- is concluded that in the field the 
major cause of the removal of DDT from the hair of cattle sprayed 
with DDT preparations is licking, eitner by the animal concerned, 
or by another animfil. All the oilier factors discussed play a very 
minor role and of these factors the effects of rubbing, soUu: radiation, 
and the leaching action of rain would appear to be the most important. 
In earlier work it soon became evident that the compo.sition of the 
emulsion had little effect on the period of persistence and that 
increasing the DDT concentration from 1 to 2 per cent, produced but 
a very small increase in the persistence period. These observations 
are readily explained when it is realized that it is the animals them- 
selves which remove the DDT. These results also suggest that adequate 
control of ticks and flies as distinct from eradication, would be 
obtained by preparations containing less than 1 per cent. DDT. 
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The Etiology of Take-all Disease of Wheat 

3. Factors Concerned with the Development of Take-all 
Symptoms in Wheat 

By N. H. White, D.Sc.* 


Nummary. 

1. In a glasshouse experiment using soil from take-all and “ healthy ” 
areas, take-all symptoms developed in wheat when the soil was not steam- 
sterilized and when steam-sterilized but inoculated with O, graminis. 

2. There was no difference in the amount of take-all when the wheat 
was grown in soils taken from these two field localities. It was suggested 
that soil differences, if they existed, did not influence the pathogenicity of 
O. graminis on wheat. 

3. In wheat grown in steam-sterilized soil from either of these two 
localities no take-all symptoms occurred. 

4. In steam-sterilized soil inoculated with O. graminis and a dry top 
soil maintained throughout the growing period, take-all symptoms developed 
in all plants. 

5. In this experiment whiteheads were developed by all plants producing 
•ears. 

6. Examination of white-eared and normal-eared plants taken from the 
field during three seasons revealed that there was significant proportionality 
between the functioning roots and the load of the shoot system. 

7. The relationship of the functioning roots to the shoot load was 
discussed with reference to the development of the whitehead condition 
and the collapse of the plant. 


In the second part of this series of studies it was shown that 
Oyihidbolus graminis appeared to be the primary invading organism 
of the roots and crowns in take-all affected wheat in the field. Also 
that the distinction between the condition of the roots and crowns of 
white-eared and normal-eared plants in the field appeared to be one 
of degree only. There remained the need to establish the pathogenicity 
of O. graminis on wheat grown in soil from the field under observation, 
and to account for the conditions which determined whether a plant 
became a white-eared or norhial-eared plant, once affected with O. 
graminis, 

I. The Pathogenicity of 0,grcmms on Wheat in Sterilized and Unsterilized 
Soil from Take-all and Healthy Areas of the Same Field 

Isolates of O. graminis obtained from affected plants in the field 
reported in the first part of this series, were submitted to the usual 
seedling pathogenicity test in pots under glasshouse conditions. The 
isolates showed variability in pathogenicity ranging from mildly to 
severely pathogenic. A moderately pathogenic strain was used in the 
following investigations. 

* Formerly Assistant Plant Pathologist, Division of Plant Industry, 
CjS.I.R., later Plant Pathologist, Department of Agriculture, Tasmania, 
now Lecturer in Agricultural Botany, University, Sydney, New South Wales. 
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In the first part of these studies it was stated that the location 
of a take-all patch may be due to soil differences or to the concentration 
of O. graminis inoculum in localized areas. Therefore for the testing 
of the pathogenicity of O. graminis on wheat, soil from the site of 
take-all patches and healthy areas was used in order to determine 
whether the location of the soil affected the severity of the symptoms 
when the same isolate of the fungus was used. 

The pathogenicity test was carried out under glasshouse conditions 
so that some degree of control of environment might be obtained, and 
was conducted in the 1940 season. 

Soil taken from the top six inches was collected from some of the 
areas known to be badly affected with take-all in the 1939 season, 
and a similar lot of soil was collected from adjacent areas that pro- 
duced healthy plants. The soil from these two areas was air-dried, 
and sieved through half-inch mesh wire-netting to remove stones. 
No attempt was made to exclude diseased plant material. 

To each of 80 Wisconsin temperature tank cans eight kilograms of 
soil were added, 40 cans contained soil from take-all areas and 40 cans 
from healthy areas. Twenty of these cans containing soil from each 
of the areas were steam-heated for six hours. Paper was tied over 
the tops of these and they were allowed to stand for three weeks 
before commencing the experiment. There were in all, four lots of soil 
each contained in twenty cans. They were take-all area soil steam- 
heated, take-all area soil unsterilized, healthy area soil steam-heated, 
and healthy area soil unsterilized. The soil in ten cans of each of these 
four lots of soil was inoculated at seeding with straw inoculum of a 
moderately pathogenic strain of O. graminis. 

Before seeding with wheat, the soil in the cans was moistened to 
about field capacity. Inoculum was so placed that it was 2 inches 
below the surface, and surface-sterilized “ Bencubbin '' wheat seed was 
placed half an inch above the inoculum. Eight .seeds were sown in 
each can and the cans were randomized. Water was not added until 
the seedlings emerged and from then on the soil was kept moist by 
adding water to the top of the soil as required. However, no attempt 
was made to control the soil moisture at a definite level, but every 
precaution was taken to avoid creating conditions of drought or 
waterlogging. 

Four weeks from the comimencement of the experiment the number 
of plants in each can was reduced to four. At heading-out stage, two 
cans were removed from each of the four treatments containing soil 
from take-all areas, and one can was removed from each of the four 
treatments containing soil from healthy areas. The plants in these 
cans were dug up and the roots examined for lesions. Many of the 
lesioned roots were plated to ascertain their microfioral content. 

Plants in unsterilized soil (whether inoculated or not) .and steam* 
sterilized inoculated soil hpid lesions on <about 75 per cent, of their 
crown roots, and the seminal root system on nearly all these had 
completely rotted away. No lesioned roots were found on the plants 
from the steaon-sterilized uninoculated soil. Plating of the lesioned 
roots from each treatment gave the usual types of fungi found at 
heading-out in lesioned wheat roots, including species of Ftt8ariup%^ 



PenioWum sp., ffelminthosparkim sativum^ and •Ourvularia sp., 
reported In Part 2. However, O. graminia was obtained in about 20 
per cent, of the roots plated. 


Results. 

In each of the treatments data were obtained on (i) the percentage 
of seedling blight, (ii) the amount of tillering at jointing, (iii) the 
number of tillers producing ears, (iv) the yield of grain, and (v) the 
percaitage of take-all in the mature plants. A summary of these 
data are given in Table 1. As a result of analysis of the data from 
all the treatments, there was no significant difference between soil 
types, i.e. take-all area soil, as against healthy area soil, whether 
inoculated or not. For all measures of pathogenicity the difference 
between inoculated and uninoculated sterilized soil was highly sig- 
nificant. For unsterilized soil there were significant differences between 
the uninoculated and inoculated series only in the percentage of plants 
with seedling blight and the number of tillers per plant. 

Take-all symptoms as manifested at maturity varied from plants 
that died prematurely at heading-out either before or after the ears 
had emerged (white ears), to plants that were hard to distinguish 
from the normal ripe plants but yielded very shrivelled grain. To a 
large extent this obtains under natural field conditions, but owing to 
the artificial conditions of the greenhouse the distinction between a 
mature ripened plant and a prematurely ripened plant was even less 
apparent; this was due largely to the fact that diseased plants did 
not show the stunted growth as seen in the field, and ripening was 
more gradual in the greenhouse. Upon harvesting the criterion of a 
take-all plant was one that produced an average grain weight of less 
than 0*053 g. per grain. This standard was based on the weight per 
grain of known take-all plants collected in the field. 

The data revealed that take-all occurred in all treatments except 
in the sterilized uninoculated soils from both take-all and healthy 
areas. 

Steam-heating of the soil apparently had a twofold effect. 

(i) The pathogen already in the soil was killed, as evidenced by 
the absence of symptoms of disease and root lesions on plants grown 
in sterilized soil in contrast to the symptoms and root lesions on plants 
grown in sterilized inoculated soil. 

(ii) Increased vigour of the wheat plants, manifested in density 
and greenness of foliage, early maturity, height of the plants, number 
of tillers attaining maturity, and total yield of the plants seen in Fig. 1. 
This phenomenon resulting from steam-heating of soils of different 
types was noted before by the writer and there are frequent references 
to it in the literature. Johnson (1919) has summarized the theories 
explaining this, and the results of his investigations suggest that the 
beneficial action of heating soils is due largely to the liberation of 
ammoxiia. 

Potter and Snyder (1918) found that heating the soil caused an 
incftose in soluble non-protein nitrogen.” Piper (1942), however, 
found that the availability of copper was significantly increased by 
|»artial hent-sterilization of copper-deficient soil, and suggested that 
&e increas^ availability of copper was either a direct result of heat. 
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or by tiie elimination of competition from some soil microflora and 
faima. Millikan (1941) clainfs that the beneficial effect of steam- 
sterilization of Wimmera soils is due to the removal of soil inhabiting 
organisms that compete with the plant for soil nutrients and states 
that “ formalin-sterilization induced a similar or better improvement 
of growth to steam-sterilization.” In the writer’s experiment, the 
occurroice of seedling blight and the white-head condition in plants 
grown in the steam-sterilized soil inoculated with O. gramtnis suggests 
that this fungus is able to attack the roots of the wheat plant in spite 
of the enhanced nutritional benefits to the plant through steam- 
sterilization of the soiL 



Fig. 1 — ^The effect of sieam-sterllizing soil on the growth of wheat. 
From left to right: Steam-sterillzed soil from take-all area, steam- 
steriUzed soil from healthy area, unsterilized soil from take-all area, 
unsterillzed soil from healthy area. 
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In soil inoculated with 0. graminia, seedling blight symptoms 
became apparent three weeks after seeding. Seedlings with disease 
symptoms removed at this time had lesions on their seminal roots 
and showed a marked tendency for early development of crown roots 
when compared with healthy seedlings. Seedling blight was followed 
by a retardation of growth and lateness of maturity, and a reduction 
in the amount of tillering, and sometimes culminated in the develop- 
ment of white-heads. 

Take-all occurred in both inoculated and uninoculated unsterilized 
soil, but a greater number of tillers failed to mature in the uninoculated 
soil. This is seen in Table 1, when the mean number of tillers per 
plant at jointing is compared with the mean number of ears per plant. 
The significant points of difference in these two treatments are to be 
found in the amount of seedling blight, of tillering, and incidence of 
take-all. 

Table 1. — Summary of Data on the Pathogenicity op O. graminis 
ON Wheat in Sterilized and Unsterilized Soil prom Take-all 
AND Healthy Areas. 


Soil from Take-all Areas. 



Sttrili*ed. 

TJnsterillxed. 

Sterilised. 

UnsterlUsed. 


Control 

1 

1 

§ 

M 

Control. 

Inoculated. 

Control. 

Inoculated. 

Control. 

Inoculated. 

Mean number tillers per 
plant . . 

6-6 

3-5 

4*9 

3 0 

5-2 

31 

4-3 

3-3 

Mean number of ears per 
plant . . 

51 

2-8 

2-8 1 

2-3 

50 

2-8 

2-4 

2-4 

Yield per plant in grams . . 

514 

316 

3*21 

3-40 

5-83 

3-53 

2*77 

3-43 

Percentage of plants showing 
seedling blight.. 

0 

52 

0 

25 

0 

56 

0 

70 

Percentage of take-all 
plants 

0 

63 

60 

47 

0 

63 

56 

44 


Soil from Healthy Areas. 


The complete absence of take-all in the uninoculated steam- 
sterilized soil, and the lack of lesions on the roots of these plants, 
compared with abundance of take-all together with the high incidence 
of root lesioning on plants grown in steam-sterilized soil inoculated 
with O. graminis, confirms the primary causal relation of this fungus 
to the disease, suggested in Part 2 of these studies. 

Although take-all occurred in both inoculated and uninoculated 
unsterilized soil and in Inoculated sterilized soil the number of take-all 
plants in each can containing four plants varied. On removing the 
soil from the cans at the completion of the experiment the relatively 
dry condition of the upper portion of the soil was noted in cans with 
a higher incidence of take-all as compared with the soil in cans with 
low number of take-all affected plants. 
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2. The Effect of Dry Top Soil on the Development of Take-all Symptoms 

Field observations indicated that a relatively dry top soil was an 
important contributing factor in the development of take-all symptoms 
in the wheat plants when the seminal root system had been destroyed 
by parasitic organisms. The greater frequency of the white-head 
condition in cans with a relatively dry top soil compared with those 
containing moist top soil confirms field observations on comparable 
soil conditions. An experiment was therefore undertaken in 1941 to 
determine the effect of a dry top soil on the development of take-all 
symptoms. Soil collected from the top 6 inches of a fallow area 
in the naturally take-all affected field was air-dried, sieved, and steam- 
heated for six hours and allowed to stand several weeks before the 
experiment was commenced. The soil was found to have a field 
capacity of 18 per cent,, and a permanent wilting coefficient of 6*8 per 
cent, of the dry weight. 

Eight kg. of the air-dried steam-sterilized soil were weighed in 
each of 40 Wisconsin temperature tank cans. The soil in twenty cans 
was brought to field capacity by adding the requisite amount of water, 
and the soil in the remaining twenty cans was brought to 65 per cent, 
of the field capacity by thoroughly mixing in the necessary amount 
of water. Two L-shaped glass irrigators, 1 cm. in diameter, were 
so placed in the soil in each can, that the outlet of. one of them was 
one-third and the outlet of the other two-thirds of the distance from 
the bottom of the soil to the top of the soil. Straw inoculum of a 
six-weeks-old culture of O. graminis was placed in ten cans of eadl of 
the dry and moist series, at a depth of 2 inches below the surface. 
Three surface-sterilized and germinated (two days) wheat seeds were 
placed in each can at a depth of li in. (The seed used in this experi- 
ment was from a single plant and the progeny of three generations 
of selfed Bencubbin ” wheat.) Xbe water lost from the soil in each 
of the cans was replaced by adding enough water through irrigators 
to bring the cans back to their original weight. During the first two 
months of the experinlent this was done only once a week, but after 
that and until the plants were ripening, every three days. Although 
there were fluctuations in moisture content of the soil below the two 
initial standards, one series was maintained in a wet condition 
throughout, while the other series was kept in a moist condition only 
in the lower part of the soil, the top li inch gradually drying out 
simulating the condition frequently observed in the field. 

Results. 

By inspection, differences between each of the treatments were 
quite obvious long before the plants reached maturity, as shown in 
Fig. 2. 

By the time the experiment was completed, differences appeared 
even greater, as shown in Fig. 3. Quantitative data when analysed 
proved that these differences were significant. A summary of the 
data is given in Table 2. 

It will be seen that take-all disease occurred in soils wet throughout 
and in soils partially wet, vVhen inoculated with O. graminis; but all 
plants in the series with a dry top soil were diseased plants, whereas 
only 54 per cent, of the plants in the series with wet soil throughout 
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showed symptoms of disease in the shoots. Furthermore, in the dry 
top soil series the symptoms were indistinguishable from those found 
in the field, which vary from plants killed in the 'seedling, jointing, 
and in-the-boot stages as well as at anthesis when the white-head 
condition is observed. All these stages, together with the stunting 
effect, were obtained in the dry top soil series as is illustrated in Fig. 3. 
On the other hand, symptoms shown by plants in the inoculated wet- 
soil series were atypical, and the plants gave the usual delayed maturity 
following seedling blight, seen in Fig. 2. 



Fig. 2. — ^The effect of growing wheat in steam-stenlized soil with a 
dry and wet top soil From left to right: Dry lop soil control, wet top 
soil control, dry top soil inoculated, wet top soil inoculated. (Each 
treatment in two rows ) 


The inoculated treatments in both the soil moisture senes are 
significantly different from the controls in all the data shown in Table 
2. This conforms with previous observations and the result obtained 
in the previous experiment. The introduction of O. gramints into the 
soil seriously affects the growth of wheat plants as well as causing 
the development of take-all symptoms. 

The difference between the control series in the dry top soil as 
compared with the control senes in the wet top soil is seen most 
conspicuously in the height and number of tillers as well as in yield 
and number of crown roots per plant (see Figs. 2 and 3). The 
significantly smaller growth of the plants in the dry soil series is 
explained by the findings of Briggs and Shantz (1913), Shantz (1927), 
Veihmeyer (1927), and Martin (1940). They have shown that it is 
impossiUe to maintain a mass of soil at a uniform moisture content 
Wkim field capacity, and that the addition of less water than required 
lb bfelng the soil to field capacity would result in some of the soil 


73 


Table 2. — Summaby of Data on Effect of Dry Top Soil on the 

INCIDBNCE of TAKB-ALL, AND GROWTH OF WHEAT IN SOIL FROM 
A Take-all Affected Field. 


Initial Moisture 
Condition ol Soil. 

Treatment. 

, Percentage 
o 1 of Take-aU. 

i Mean Kiimber 
® of Tillers 

1 per Plant. 

Mean Height 
per Plant 

Weight 
of Grain 
per Plant. 

♦Grain Bating 
per Plant. 

Mean Humber 
of Crown Boots 
per Plant. 

Mean Humber 
of Hon-lesioned 
Crown Boots 
per Plant. 

Field capacity ^ 

[ 

Control 

cm. 

99*6 

3 * 

9 K 

9*8 

60 3 

60*3 

Inoculated . . 

54 

8 0 

74*3 

4 1 

7*1 

27*9 

6 6 

Field capacity, 06 perj 
cent 

1 

f 

1 

Control 

0 

6*7 

86*1 

6 6 

9 6 

46*4 

46*4 

Inoculated . . 

100 

2 a 

40 3 

4*3 

4*3 

37 0 

11*1 

CSontrol compared with 
inoculated 

Mean dittereiico 

•• 

XXX 
3 6 

XXX 

36*6 

XXX 

4 0 

XXX 

4*0 

XX 

20*9 

XXX 

44*6 

Field capacity com* 
pared with 66 per 
cent hold capacity 

1 ' X 1 

Mean diSerence i 1*6 

1 

XXX 

23 7 

1 1 5 


2*4 

4 6 


Level of significance — x\x 1* < 0*(K)1, xx P < 0*01; x P < 0*06. 


. * Grain rating refers to fourteen grades of gradn size ranging from 0*000 
to 0*070 per grain, with a uniform interval of 0*005 g. per grade. Ratings 
of 0*7 are equivalent to the rating of take-all plants in the field. 


remaining unchanged so that plants growing in soil with an initial 
moisture content below field capacity would be forced to grow in a 
smaller volume of soil. Therefoi^e in the series commenced at 65 per 
cent, field capacity the plants were forced to grow in a smaller volume 
of soil than those growing In the soil with an initial soil moisture 
at field capacity. In the dry top soil series then, the lower 65 per 
cent, of the soil was brought to field capacity at each weighing and 
it was this amount of soil that the roots had to draw on for plant 
nutrients. Plants in the inoculated soil commenced at 65 per cent, 
of field capacity simulated the field appearance when dry conditions 
prevail at any stage during their development if their roots were 
partly destroyed by the fungus. Under these circumstances when the 
top soil dried out, the new crown roots developing in this zone were 
unable to obtain sufficient moisture to maintain the minimal water 
requirement of the plants. On the other hand, in the soil brought 
back to field capacity at each weighing thp top soil was always moist 
and new crown roots, who'se development is always stimulated by 
root destruction, were able to replace the destroyed roots and maintain 
the water supply to the plants. However, the limiting effect on growth 
of the plants through root destruction by O. graminis is readily seen 
in the inoculated wet top soil series when compared with the controls 
(see Fig. 2). 
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I. The Relation of the Root to the Shoot System in White'eared and 

Normaheared Plante 

In an attempt to account for the conditions which determine 
whether a plant becomes a white-eared or normal-eared plant, the 
relative amount of shoot tissue to the number of surviving roots in 
both kinds of plants was critically examined during three seasons. 



Tie. 3.— The effect of growing wheat with a dry and a wet top soil as' 
seen when the* ^ants are ripe. From left to right as in Pig. 2. it will 
be noted that the plauits in the dry top soil inoculated can are tvolcal 
take-all affected plants. 
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Method. 

Samples of white-eared and normal-eared plants were collected 
in each of the three seasons 1940, 1941, and 1942 on plots sown 
continuously to wheat, and in 1942 on a plot sown to wheat for the 
second time after one year’s fallow and a plot sown to lucerne in the 
previous year. 

The samples were collected each year at the critical period, that 
is between anthesis and ripening, when it was easy to distinguish the 
white-eared plants from the intermediate slate-green plants; which 
later produced pinched grain, and the normal green-eared plants 
bearing plump grain. Only plants with fully emerged ears were 
collected, so that a very large proportion of white-eared plants which 
had one or more ears in the boot at the collapse stage were passed 
over. This procedure tended to restrict the white-eared samples to 
plants which collapsed latest in the season and which therefore should 
have been least affected of white-head samples by root destruction 
after collapse. The fact that plants in the selected white-eared sample 
were clearly distinguished from less and more severely affected plants 
probably left less room for variability than with normal plants which 
may range from just better than the intermediate slate-green to 
complete freedom from fungal attack. The plants were collected on 
an ear class basis and in order to secure a sufficient number in each 
ear class up to four ears, a rough tally was kept of the number collected 
in each class, and the white-eared plants were chosen so as to keep 
the numbers roughly equal. Whenever a white-eared plant was pulled, 
the near neighbourhood was searched for one or two normal plants 
of the same ear class. This was usually achieved within 2 feet of the 
white-eared plant.* In 1942 the procedure had to be reversed where, 
on finding a normal-eared plant, the neighbourhood was searched for 
a matching white-eared plant. In all instances the selection of the 
plant was determined solely by the shoot condition. In each plot all 
samples were drawn from an area not exceeding 200 feet by 50 feet. 

Most of the plants collected had earless tillers 6 to 9 inches high 
which were dead before the ripening stage. The undeveloped tillers 
apparently are of some importance, however, because the number of 
crown roots for plants in an ear class increased in proportion to the 
number of partially developed tillers. Therefore in tabulating the 
data it was necessary to prepare two-way tables so that each plant 
could be classified according to the number of eared tillers and partially 
developed tillers. 

The plants were examined in detail, and data on the following 
were obtained in 1940 and 1941: (i) Number of eared tlUers; (ii) 
number of partially developed tillers; (iii/ length* of each eared tiller 
(length of last intemode in 1941) ; (iv) total number of spikelets per 
ear; (v) total number of crown roots and number of crown roots with 

*When examining the plants in the laboratory many plants with high 
tiUer number proved to be two or more inter-locked plants so that the 
numbers finally recorded were greatest for one-eared plants. 
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lesions;* (vl) total number of seminal roots and number of seminal 
roots with lesions; (vii) condition of sub-crown intemode (lesions or 
no lesions). In 1942 the l^igth of the eared tillers and the total 
number of spikelets per ear were omitted. 


JBesttZts. 

Because it would be impracticable to present the two-way tables 
for the three seasons for each particular and since the mean number 
of undeveloped tillers (1 to 1*5 per plant) is about the same for both 
white-eared and normal-eared plants of the same ear class, only the 
averages of all plants of the same ear class are presented. These 
are given in Table 3 which shows the mean values for each ear class 
for normal and white-eared plants in 1940, 1941, and 1942. 

The results for the first two seasons differ markedly from the 
1942 season in the data on the number of surviving crown and seminal 
roots and in the percentage of sub-crown intemodes and first intemodes 
with lesions. These differences appear to be related to the much higher 
rainfall of this last season (see Table 4), when 2,148 points fell between 
May and November inclusive in contrast to 626 and 899 points for 
1940 and 1941 respectively. The data convey the general impression 
that with increasing moisture in the spring there is a decline in the 
number of surviving roots required to carry the white-head plants up 
to the point of collapse at the standard condition of fully emergea ears. 

In 1940 the difference in the numbers of surviving crown roots for 
white-eared and normal-eared plants was small, so that for this 
season the number of surviving seminal roots must have been all- 
important. At the writer’s suggestion root amputation experiments 
were carried out during this season in this field by Ludbrook (1942). 
It was found that severing the sub-crown intemodes affected the 
plants more severely at all stages of growth investigated than did 
amputation of the crown roots, and thus provided supporting evidence 
of the importance of the seminal root system during this season (see 
Table 3). In 1941 the difference in surviving crown roots of white- 
eared and normal-eared plants was greater. This suggests that the 
crown root system was more effective in maintaining the plant in the 
later stages of growth than in 1940, and this again appears to be 
related to the spring rainfall which was slightly better in the 1941 
season (see Table 4). In both seasons the number of surviving crown 
roots of white-eared plants increased with the number of ears produced 
by the plant, while the mean number of surviving seminal roots was 
about constant. 

In 1942 practically all the crown and seminal roots of the white- 
eared plants had lesions. The moist conditions of the soil probably 
meant that only a few functioning roots were necessary to sustain 
the plant to the point of collapse and plants with more functioning 
roots would come into the intermediate class. The contrast between 
the number of functioning roots in this and previous seasons may have 
been exaggerated by much rotting of roots in the moist soil subsequent 
to collapse but prior to examination. 


•The criterion adopted for designating a root with lesions was: A root 
showing marked dark brown to black discolouration of tissue completely 
encircling thei root for a variable distance and which in breaking revealed 
a blackened or discoloured stele usually rendered brittle through necrosis. 
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Table 3 (Part L). 



Ear Class. 

Number of Plants. 

Total Crown Boots. 

Lesloned Crown 
Boots. 

Surviving Crown 
Boots. 



1940. 

1041. 

1042. 

1040. 

1941. 

1042. 

1040. 

1941. 

1042. 

1040. 

1941. 

1942. 

,1 

f Normal . . 

66 

63 

34 

16-8 

16*7 

13-2 

1-7 

6*3 


141 

11*4 

6*2 




73 

78 

11-9 

13*5 

11*7 


8*6 


4-3 

4*9 

1*8 

aJ 

p Normal . . 

65 

42 

26 

20-1 

260 

200 

3-3 

7-4 

1-5 

16-8 

18*6 

18-6 

n 

I^Whito . . 

36 

66 

27 

27-0 

23*8 

221 

120 

12-7 

20*2 

16-0 

11*1 

1*9 

sJ 

! 

j" Normal . . 

67 

33 

27 

31-8 

! 

35 4 

30- 1 

4-0 

8-6 

3-8 

27-8 

26*8 

26*3 

[_ White .. 

30 

42 

30 

261 

.321 

23*2 

i 

141 

19-3 

201 

220 

12-8 

3*1 


f Norma] . . 

12 

18 

27 

38-7 

42-3 

39-2 

4-0 

10-4 

7-0 

34*7 

31*9 

31-9 

4^ 

1 

[white .. 

10 

14 

25 

43-2 

45*3 

j 

37-6 

14-1 

231 

37-0 

29*1 

22*2 

•5 


Table 3 (Part n.). 


Ear Class. 

Surviving Seminal Boots 

Percentage Sub-crown 
Intcrnodes without 
Lesions. 

! Percentage First 

Internodes without 
j Lesions 

1940. 

1941. 

1942. 

1940. 

1941. 

1942. 

1940. 

1941. 

1942. 

r Normal 

3*0 

30 

■ 

91 

66 

9 

97 

98 

71 

\white . . 

•5 

•7 

■ 

26 

18 

6 

80 

67 

22 

f Normal 



4*6 

87 

64 

77 

98 

100 

84 











White . . 


•6 

•1 

28 

27 

0 

69 

84 

15 

r Normal 

3-9 

4*6 

B 

82 

82 

67 

93 

91 

88 

\white . . 

•7 

•9 

i 

40 

29 

3 

93 

31 

1 .... 

20 

f Normal 

4*4 

3*7 

I 

3*2 

100 

78 

48 

100 

89 

66 

44 








1 

1 

LWhite . . 

•6 

•7 

•0 

20 

14 

0 

60 

43 

0 


0.12900/4ft— 6 
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It would be appropriate at this point to note llw livpadp t^ppatent 
within the ear classes in the 1940, 1941 data (shown in Table 3). 
(a) White-eared plants— the total number of crown roots increased 
at the rate of 3-3 per undeveloped tiller but there was rally a sli^t 
increase in non-lesioned crown roots per plant. There was no corres- 
ponding tendency for surviving seminal roots per plant to increase 
or decrease. There was no app^uont trend in the percentage of plants 
with sub-crown lesions, (b) Normal-eared plants — ^the total numbra 
of crown roots mcreased at the rate ot 3-5 per undeveloped tiller, 
there being no tendency for the number of roots with lesions to 
increase or decrease. For other data the trends were similar to those 
for the white-eared plants. In 1942 the tendencies in the crown and 
seminal roots were the same as for the previous seasons except that 
there was no evidence of any trend in the very small numbers of 
surviving crown roots. 


Table 4. — Rainfall in Points at Canberra During 1940, 1941, and 
1942, WITH Stage Crop Development 


Month 

1940 

1941 

1942 

Stage of Crop 

January 

185 

674 

22 

Stubble 

February 

10 

267 

131 


March 

6 

* 148 

161 


April 

696 

54 

7 

Sown 

May 

116 

186 

638 

Seedling 

June 

62 

114 

338 

Seedling 

July 

29 

48 

194 

Early jomting 

August 

91 

106 

229 

Jomting 

September 

244 

262 

244 

Late tillering 

October 

26 

124 

174 

In boot 

November 

70 

90 

431 

Anthesis and dough 

Deoember 

177 

96 

112 

Ripe (harvested) 


It was hoped that it would be possible to show that if a seminal 
root was rated as effective as fc crown roots, the value of k to depend 
on the season, then the total effective root system of white-eared 
plants would be proportional to the number of ears. Values of 12 
and 2 for k best satisfy the data for 1940 and 1941 respectively. This 
approach is of Interest but cannot be regarded as entirely satisfactory 
owing to its sensitivity to small systematic errors in assessment of 
root lesions. 

Prom these data it would seem that the seasons in 1940 and to a 
less extent in 1941 wrae conducive to the development of the so-called 
'• dry weather take-all ” (Russell, 1934) and data for these seasons 
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provfaled evidence of a relationship of the shoot system to an effective 
absorbing root system in white-eared plants. In 1942 a relation of 
this sort was not apparent but it may have existed at the initial 
development of white ears. Subsequent rotting of the few roots per ear 
functioning at collapse would destroy the evidence of proportionality.. 


4. Discussion 

The pathogenicity of Ophioholtia graminis in relation to take-all 
disease has been established by many investigators and is reviewed 
by Garrett (1942). Past workers have used the effect of infection on 
seedling plants and on yield as criteria for the pathogenicity of 0. 
graminis on wheat. This has proved useful in assessing the capacity 
of the fungus to attack root tissue, but does not show the relation 
of the fungus to the final stage of take-all disease manifested as white- 
eared plants known as whiteheads,” and this is the dominant field 
symptom. The experimental development of the whitehead condition 
is claimed by a few workers only (Geach, 1932; Garrett, 1941; White, 
1942; and Angell, 1943). However, the experience of all was that 
only some of the plants became typical white-head or white-eared 
plants at maturity. This agrees with the field conditions in so far as: 
white-eared plants occur scattered throughout the crop, but the 
significant and characteristic feature of take-all is that it occurs in 
patches where only few plants escape. In the studies reported here 
the writer attempted to reproduce experimentally the whole range 
of symptoms, particularly the whitehead condition, in all the plants 
and in every replication of the treatment. 

It was first necessary to eliminate Ihe soil factor alone as a possible 
cause of the symptoms. The pathogenicity experiments in soils from 
both take-all and healthy areas demonstrated that the presence of 
O. graminis was necessary for the development of take-all symptoms 
in plants, and that soil taken from either take-all or healthy sites had 
no effect on the pathogenicity of the fungus. However, what appeared 
more important was soil condition as demonstrated by the higher 
incidence of the disease in cans with dry top soil. This was cojifirmed 
in a subsequent experiment where a dry top soil was maintained 
throughout the growing period of the plant. 

In this experiment it was found that sdl plants in each of the 
replications with a dry top soil developed symptoms when inoculated 
with O. graminis and all plants that produced ears became whiteheads 
without exception. These plants were indistinguishable from those 
affected with take-all in the field; the plants in one of these cans are 
shown in Fig. 3. 

The complete development of take-all *in this treatment leaves 
little room for doubt that at least two primary conditions for the 
development of the disease are the presence of O. graminis and a 
dry top soil. These conditions would simulate those for the “dry 
weather take-all” (Russell, 1934), and were those obtaining in the 
field under observation during the 1940 and 1941 season when studies 
were made on the ratio of shoot to functioning roots. 
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The collapse of the plants at any stage of development, but par- 
ticularly at maturity, might be explained on two grounds, namely, 
destruction of the roots, and the production of toxic substances by 
the fungus. 

If the production of toxins was responsible for the collapse of the 
plant, as in vascular wilt diseases, a marked disparity would not 
be expected to occur between the number of lesioned crown roots on 
plant, as in vascular wilt diseases, a marked disparity would not 
during the three seasons reveal that there was a very marked 
disparity. 

Evidence in favour of root destruction would be proportionality in 
effectiveness of the roots and the load of the shoot system at collapse 
for plants with different loads. The results for the 1940 and 1941 
seasons may be interpreted this way. In the wet spring of 1942, rapid 
destruction of root tissue subsequent to collapse but before examina- 
tion, may account for the failure of the season to support the 
hypothesis. The data in Table 3 show that at maturity all plants 
had roots with lesions and it was shown elsewhere (V^ite, 1945) 
that only a percentage of these become white-eared plants. From 
the writer’s findings it seems that whether a plant will be whitehead 
or normal-eared depends on the capacity of the roots to function 
above a certain threshold value. This v^ue is affected by the load 
of the shoot system on the functioning roots and by the moisture 
available in the soil horizons. The root amputation experiments of 
Simmonds and Sallans (1929, 1933), and Ludbrook (1942), showed 
that either seminal or crown roots or both could function in absorbing 
water from the soil. With the destruction of the seminal roots the 
crown roots function. When the top soil is dry the surviving crown 
roots are unable to function and dry weather take-all ” develops as 
was the case in the writer’s experiment. When the top soil is wet 
then the crown roots could function above the threshold value, pro- 
vided there were enough of them. Should their development be 
impaired through the destruction of the root primordia in the crown 
and first node by O. graminis or their rate of destruction exceed their 
development, then in spite of the wet top soil the functional value 
of th^ crown root system will fall below that of the threshold value 
of the plant concerned with a particular shoot “ load.” Such a plant 
will collapse and develop the white-eared condition. 
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Tlie Etiology of Take-all Disease of Wlieat 

4. The Effect of Agronomic Practices on the Incideiloe and 
Seventy of Take-all 

By N. H. White, D.Se.* 

Summary. 

The effect of different agronomic practices on the incidence and severity 
of take-all disease was investigated in a naturally affected field at Canberra. 

It was found that two years* bare fallow resulted in the eradication of 
O. fframin$8 from the soil, as indicated by the complete absence of take-all 
and freedom from root lesions. Cropping to wheat for four years increased 
the severity of the disease and decreased crop vigour. 

One year's fallow or oats in rotation with wheat, or oats-fallow-wheat 
rotation decreased the severity of take-all and increased the yield. 

General conclusions on the etiology of take-all disease are given. 


1. Plan of Investigaiions 

In the previous parts of the study on the etiology of take-all 
disease In a naturaUy affected field at Canberra, it was shown that 
there was a causal relation between Ophioholm graminis Sacc. and 
the development of take-all symptoms. In order to obtain comple-’ 
mentary information on the incidence and severity of the disease 
d^erent agronomic practices were carried out on the 2-acre block in 
this field for a period of three years. 

The choice of the various treatments was influenced by the reported 
facts concerning the disease. It has been shown repeatedly that 
control may be obtained by a one-year break from wheat under oats 
any non-cereal crop excluding pastures, or bare fallow. Also that 
^ntmuous cropping to wheat usually increases the severity of the 
disease, though some exceptions have been reported (Russell, 1934). 

^ 2-acre area was surveyed into eight equal blocks, each 

following treatments and rotations 
hv respectively:— (i) Wheat followed 

(ryegrass-subterranean clover 
^ two years bare faUow, (iv) two years’ lucerne, (v) 

oats followed by faUow, 
ff, j. followed by oats. In 1939 the area was under wheat and 

Ffe. 2 m Part 1 of this senes (White, 1945). In the 1942 season 

and data on the foUoSn? S 
obtained from each block:— (i) Percentage of take-all, (ii) grain yield 
“ bushels per acre, (iv) mean height per plant 

5f tSllirTndTh^’' 'determine L ^rcmage 

Of take-^ and the numbers of tillers per plant snecim^nc JZtl 

fflcainin^ in 18-ln. square quadrats, spaced at staggered intervals in 
^l^ty locations in each plot. For determining grain yield per ear 
SOO ews were coUected at random by walkhS along five tS^sS 
s^t^ equalty apart in each block. In each bl^ random sam^Tf 
plants were tak en for examination for root lesions. 

Lecturer In Agricultural Botany, th^nlversUy.^^^y” 



Table 1. — ^Thb Effect of Agronomic Practices on the Incidence and Severity op Take>all on Wheat at 



Not enough grain to warrant harvesting. 
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2. Results 

The data for the effect of each of the treatments as revealed fa 
the 1942 season are shown In Table 1. 

It will be seen that take-all occurred in all treatments except where 
bare fallowing was practised for two years (plot 3). The sev^ity of 
the disease was greatest in the plots continuously cropped to wheat 
(plots 5 and 6). The occurrence of diseased plants in the two one-year 
fallow, plots 1 and 7, was noticeably in patches, indicating localized 
areas of infection. The plants in aU plots showing take-aU symptoms 
had variable numbers of roots with lesions. The greatest amount of 
root destruction occurred in plots 5 and 6 continuously cropped to 
wheat. All plants examined from the two years’ bare fallow, plot 3, 
showed complete freedom from root lesions. 

The well established beneficial effects of fallowing on the vigour 
and yield of the crops is borne out in the data on the height and 
tillering, and on 3deld in plots 1, 3, and 7. Plots 1 and 7 were not 
kept in the bare-fallow condition and many weeds, including grasses 
susceptible to O. graminis, such as Hordeum leporinum, Bromus 
hordeaceus and Lolium perenne, grew on these two plots during 
fallow. The presence of weeds in these plots served as carrier plants 
for O. graminis, and at the same time reduced the nutritional effects 
from fallowing. This is reflected in the occurrence of take-all and 
lower yield in both plots. In plot 3, which was maintained in the 
bare-fallow condition for two years, the highest yield (38 bushels per 
acre) of all the treatments was obtained. This appears to be due 
partly to the eradication of take-all from the soil by starving out the 
fungus, and partly to the conservation of soil moisture and increase in 
available plant nutrients through fallowing. 

In plots 2, 4, 5, and 6, the crop was so poor that there was not 
enough grain to harvest. In plot 2, where wheat was sown after two 
years under ryegrass and subterranean clover pasture, there was too 
much competition between the ryegrass and wheat from the time of 
germination until heading out. In plots 5 and 6, continuously cropped 
to wheat, the two-fold effect of depletion of soil nutrients and the 
high incidence of take-all was apparent. In addition there was 
competition from weeds in these two plots. In plot 4, which was under 
lucerne for two years, the drying of the subsoil and competition from 
weeds appeared to be the main factors contributing to the failure of 
the crop on this plot. 


3. Discussion 

These results provide further evidence that the presence of 
Ophiobolua graminis in the soil is directly related to the occurrence 
of take-all affected plants. At the same time, the effect of soil 
fertility on crop vigour in relation to the severity of the disease is 
apparent. 

It is well established that practices inducing high soil fertility, 
such as fallowing, rotational cropping, and the addition of fertilizers, 
favour crown root development, which in plants attacked by 
O. graminis would ensure replacement of roots destroyed by fungal 
attack, and tl^treby provide the plant with a better chance of survival. 
No experimental evidence has yet been forthcoming to suggest that 
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the roots of wheat are immune from attack by 0. graminis. Further- 
more, the writer has frequently obtained evidence which fully substan- 
tiates the statement made by Garrett (1938) that “the fungus can 
attack the most vigorously growing plants, and there is no question of 
the plant having to be predisposed to the disease by unfavourable 
conditions." 

Therefore, it is concluded that if all the roots of a plant were free 
from lesions, either O. graminis was not present or conditions were 
unfavourable for the growth of the fungus. 

In the two years* bare-fallow treatment reported above, conditions 
would have been favourable for the growth of O. graminis, as shown 
by the activity of the fungus in the blocks on either side of this 
treatment. The roots of all the plants examined from this plot were 
free from lesions. It is assumed, therefore, that the fungus was not 
present in the soil, and that as a result of the long bare-fallowing 
treatment the fungus was eradicated. Of all the treatments, the 
yield and vigour was greatest in the two years* bare-fallow treatment. 
This result would appear to be due to enhanced soil fertility and 
conserved subsoil moisture. 

Agronomic practices tending to reduce soil fertility such as continu- 
ously cropping to wheat, competition from weeds, and low soil 
moisture would create conditions more favourable to the development 
of take-all symptoms because these conditions do not favour root 
development, and attacked plants are unable to replace roots destroyed 
by the fungus. In the results reported above, soil fertility was lowered 
in the blocks continuously cropped to wheat for four years, in the 
treatment under pasture for two years, and in the treatment under 
lucerne for two years. However, competition for soil moisture was 
responsible for crop failure in thqjatter two treatments. In the 
pasture treatment annual ryegrass was used, and normally seed setting 
and germination of this crop would have been i>oor in Canberra 
because of the dry summer. The 1941-42 summer was a wet one, and 
resulted in the setting of ryegrass seed and good germination of seed 
in autumn after the plot had been cultivated in preparation for the 
wheat sowing of 1942. In the lucerne treatment the complete removal 
of lucerne crowns was not effected, and the weed population on this 
plot was high; these competed with the wheat. 

In the plots continuously cropped to wheat, take-all was severe 
and crop failure was due in part to disease and to impoverished soil 
conditions and competition from weeds, 

4. General Conclusions 

In the light of the results reported in this series of studies on the 
etiology of the diseage at Canberra, and those reported in the litera- 
ture, the following conclusions on the incidence and severity qf take-all 
disease of wheat may be made. 

The incidence of the disease depends on the presence of the fungus 
Ophiobolus graminis in the soil, and, in turn, the presence of the 
fungus is related to the previous history of the field. Practices 
conducive to its persistence in the soil are the continued growing of 
susceptible crops such as wheat, barley, and certain pasture grasses, 
and favourable soil conditions such as light-textured soil (Garrett, 
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1942), and high soil nitrogen content (Garrett, 1944). Practices 
leading to the disappearance of the fungus from the soli are the 
growing of non-susceptlble crops such as oats, bare-fallowlng, and 
rendering the soil conditions unfavourable by compacting the seed bed 
(Garrett, 1942), and by increasing biological antagonism through 
increasing the carbon content of the soil (D’Aeth, 1939). 

The severity of the disease is Influenced primarily by the capacity 
of the attacked wheat plant to outstrip root destruction with new root 
development, and by the distribution of inoculum in the soil. On the 
one hand, root destruction is influenced by the virulence of the strain 
of 0. graminis (White and McIntyre, 1943), which was shown to be 
genetlcal in origin (White, 1942), and by the soil conditions affecting 
the rate of growth and spread of the fungus (Garrett, 1937; Winter, 
1939). On the other hand, root formation is influenced by soil 
fertility, soil moisture, and the surviving crown root primordia. The 
effectiveness of the balance between destruction of roots and root 
formation in maintaining the water supply and nutrition to the affected 
plants depends on the relative rates of root destruction and formation, 
soil moisture, and the demands of the shoot system on the functioning 
root system (White, 1947). 
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The Treatment of Cut Potato Setts with Zinc Oxide 

1. Gmdition of the setts, growth, and yield 
. Bg J. G. BM, MAgr.Sc., Ph.D.* 


Summary. 

In this and a succeeding paper, an analysis is made of data from a field 
trial on the effects of treating cut potato setts with zinc oxide before 
planting. Treatments with water and an organic mercury dip served as 
controls. 

Properly used, the zinc oxide reduced premature rotting of the cut 
potato setts. It rather encouraged than hindered suberization. Parallel 
mercury treatments damaged the cut surfaces cuid allowed rotting organisms 
to gain entrance to the tuber tissues. In no treatment was there more than 
6 per cent, of misses. 

The most efficient zinc oxide treatment had no effect on emergence; 
others slightly retarded emergence. Mercury treatments applied to the 
cut surfaces seriously retarded emergence. 

Zinc oxide treatments had relatively little effect on the leaf area of 
the plants; mercury treatments caused serious reductions in leaf area. 
Possibly the slight effects of zinc oxide treatments were partly due to 
absorption of zinc through the sett. 

Zinc oxide treatments had slight effects on the total yield; mercury 
treatments depressed the yield. Careful analysis suggested that the zinc 
absorbed through the sett increased the ratio of tubers to foliage, possibly 
because the soil in which the plants were grown was slightly deficient in zinc. 
Treatments that encouraged premature rotting of the setts depressed the 
total yield. Zinc oxide dip efficiently applied increased the over-all growth 
of the plant by protecting the setts from premature rotting. 


1. Introduction 

Zinc oxide was found in laboratory trials to act as a protector of 
the cut surfaces of potato tubers against rotting organisms (Bald, 
1943a). In contrast to copper compounds, it rather aided than retarded 
suberization. Dillon- Weston and Taylor (1944) found that salts of 
manganese, in addition to zinc salts, could be applied to the cut 
surfaces without adversely affecting suberization. In a South Aus- 
tralian field trial of zinc oxide as a means of controlling missing in 
potato crops (Beare, 1944), it was incidentally found to give some 
control of common scab caused by Actinomyces scabies. The trial 
gave no information about missing, because there were few misses 
amongst the untreated controls. 

As a means of protecting cut surfaces of potato tubers in green- 
house and laboratory work, dipping in zinc oxide suspensions and 
suberization on damp sand have been very successful. In a recent 
development of experimental methods involving the removal of single 
eyes with the minimum of tissue from dormant tubers, zinc oxide 
has again given effective protection of the cut surfaces. The single 
eyes are dipped in zinc oxide suspension and placed in petri dishes on 


•An officer of the Division of Plant Industry. 
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damp filter paper impregnated with zinc oxide or in trays of damp 
sand. Even in the saturated atmosphere of the closed petri dish they 
generally remain clean and turgid, and sprout very rapidly (Fig. 



Fig. 1. — Single eyes from potato tubers, treated with zinc oxide and 
sprouting in petri dishes. 


2. Description of the Trial 

In the dry spring of 1945, conditions apparently favourable for 
missing in the potato crops had developed at Canberra. A field trial 
planted with cut seed pieces was planned to test the effect of zinc 
oxide on missing, on Rhizoctonm infection, with which missing may 
sometimes be associated, and possibly on common scab. Tubers of 
the variety Up-to-Date, carrying medium to heavy infection with 
Rhizoctonia and scab lesions, were sorted out from reject material of 
the previous crop. Tubers as clean and sound as were available, but, 
unfortunately, not from the same original source, were chosen for 
an untreated control. 

Various treatments with zinc oxide, and an organic mercury com- 
pound, were applied to the infected tubers, and the trial was planted 
on fallowed ground at the C.S.I.R. Experiment Station at Dickson, 
during the third week of October. The fallowed soil was moister than 
had been expected after so long a dry period, and within a week of 
planting 1-4 inches of rain fell. The soil conditions, instead of inducing 
a high percentage of misses, gave a high percentage of emergence, 
even in instances where treatment had injured the setts. 

The effects of Rhizoctonia became evident in the foliage soon after 
fiowering, but a confusion of symptoms was produced by infestation 
with Rutherglen bug (Nystus vimtor) and a severe attack of spotted 
wilt, both seasonal and unexpected. These prevented records of the 
incidence of Rhizoctonia from foliage symptoms. Fortunately, as 
the bug infestation and the spotted wilt were distributed over all 
treatments, they had little effect on the estimation of tuber infection, 
or on the estimation of infection with common scab. The latter was 
present on a large proportion of the tubers, and data were obtained 
for the cfffects of treatment on both diseases. These are reported in 
a succeeding paper. 

•Mr. D. O*. Norris has found sprouting is encouraged by keeping the 
petri dishes in the dark at a temperature of 25** C. 
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The sequence of operations and the observations made during the 
trial were as follows: 

October 18. — ^The treatment of tubers was begun. 

October 23, 24. — ^The trial was planted. 

November 9. — ^The first plants began to emerge. 

November 22. — Records were taken of the numbers of plants 
emerged. 

November 28 and 30. — The leaf area of every plant above-ground 
was recorded (Bald, 1943b). 

November 29. — ^Two plants from each of 104 plots were dug, 
setts were rated for the condition of the cut surface and the extent 
of rotting; the extent of the lesions on each stem and on the stolons 
were also noted. The lesions were of the type usually associated with 
Rhizoctonia. Records were also taken of the presence of macro- 
scopically visible runner hyphae on the underground stems and stolons. 

January 21. — ^The leaf area of each plant was recorded as the 
haulms approached their maximum size. 

March 28. — A few plants from all treatments were dug, and the 
tubers examined for the extent of infection with Rhizoctonia and 
scab, and the type of data that might be obtained from the yields. 

April 5-16. — The trial was dug. The haulms were dead, as the 
growing season had been slightly shortened by an attack of early 
blight. Thereafter the tubers were sorted, weighed, and examined. 

3. Treatments 

In all, there were thirteen treatments in the trial. They were: — 

1. Clean tubers, cut October 22, setts dipped in water, put in small 
cloth bags, sufficient in each to plant^one plot of the trial. The cloth 
bags were covered with damp sacks to maintain humidity until the 
setts were planted during the following two days, October 23 and 24. 

2. Infected tubers, cut October 18, setts dipped in water, tipped 
into open trays and allowed to dry out. The setts lay two to three 
deep, the cut surfaces frequently in contact with the skin of other 
setts. On October 22 they were put into small cloth bags, which were 
covered with damp sacks. A proportion of setts were definitely 
shrunken after the four days drying. 

3. Infected tubers, dipped whole in water on October 18, left in 
trays until October 22, cut, bagged, protected by damp sacks. 

4. Infected tubers, cut October 22, dipped in water, bagged, pro- 
tected by damp sacks. 

5. As for 2, but on October 18 dipped in zinc oxide suspension. 

6. As for 3, but on October 18 dipped in zinc oxide suspension. 

7. As for 4, but on October 22 dipped in zinc oxide suspension. 

8. 9, 10. As for 2, 3, 4, but dipped in an Organic mercury fungicide, 
improved Hortosan. 

11, 12, 13. As for 2, 3, 4, but dusted with a zinc oxide-DDT dust. 

The zinc oxide suspension cqhsisted of 5 oz. zinc oxide in 1 gallon 
of water; the organic mercury dip was made up according to directions; 
and the dust contaihed 2 per cent, zinc oxide and 1 per cent. DDT in 
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‘ pyroj^yllite Oiler. It was added to the aetts in a barrel duster 
at the rate of 1 oz. to 8 lb. of setts, and the duster was turned until 
coverage of the setts was complete. 

Treatments with the dust were included because zinc oxide had 
been added to a DDT pyrophyllite dust used by Mr. G. A. Helson in 
trials on methods for controlling potato moth {Phthorimaea operculeUa 
Zell.). The zinc oxide largely prevented the rots that normally follow 
damage by grubs of the potato moth. 

The trial consisted of two symmetrical incomplete blocks planted 
side by side with the rows continuous. There were eight replications 
of each treatment. Each treatment was a single row 1 chain in 
length, containing 32 plants equally spaced. At harvest this number 
had been reduced to a row len^h of 28, because plants had previously 
been taken from a strip of 4 across each block. The rows were slightly 
more than 3 feet apart. ' 

Fertilizer, 6 : 1 superphosphate and ammonium sulphate, was 
applied in the furrow at the rate of 2 cwt. per acre. The plot was 
furrow-irrigated twice during the season, on December 17 and 
January 7. The aggregate amoipt of water delivered was approxi- 
mately 4 inches. The rainfall was more regular than is usual during 
that period of the year; the aggregate between digging and planting 
was 12 ‘4 inches. There were the usual hot summer temperatures and 
drying winds. 

4. Examination of Setts 

(i) Description of Material and Rating Methods. 

On November 29 and 30, five weeks after planting, two plants in 
each of the 104 plots of the trial were dug, and the setts, underground 
stems, and stolons were examined. The setts were present on all plants; 
some were sound and some rotting. 

The main shoots of the plants were still extending; at the top of 
some of them young buds could be seen in the terminal rosette of 
leaves. Stolons were growing out, and the underground stems were 
sappy and firm. 

The condition of the sett on each sampled plant was classified 
according to the following categories: 

1. Cut surface firm, clean, and well suberized. 

2. Cut surface firm, but suberization relatively poor, giving evidence 
of fungal growth. Sometimes the surface was covered with a corky, 
powdery layer of dead tissue permeated by fungus hyphae. 

3. Cut surface pitted, often at the edge, and rot beginning. 

4. Rot well established. 

It was found that the first class might have been subdivided 
according to the solidity and freshness of the suberized surface. The 
condition of most setts treated with zinc oxide the day before planting 
(.treatment 7) was distinctly better than any of the others. This does 
not appear from the rating values. The second rating class was also 
hetmx>gmeous. It included setts on which extensive chemical injury 
to the cut surface had killed the tissues to a depth of 5 mm., and 
tubers of iitdilch the suberized layer was merely discoloured and easily 
rubbed off. • there were various intermediate stages of injury and 
indolent subei^tion. 
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A value of 1, 2, 3, or 4 was given to each sett according to the 
category into which it fell. Values for the two setts dug from each 
plot were added, and with this sum as a plot total a full analysis of 
differences in the condition of the setts was made. The treatment 
means, halved to give average ratings for a single sett, are in Table 1. 
Beside them are the actual numbers of setts in each of the four rating 
classes. Also in this table are those portions of the rating totals 
represented by tubers in which rots were actually present, i.e. tubers 
that feU into classes 3 and 4. 

A mean rating of 1 for all setts sampled from a treatment would 
imply that every one of the 16 setts was perfectly sound, with no 
obvious sign of fungal growth on the cut surface. A mean of 4 would 
imply that every one was rotting and the rot was well advanced. 


Table 1. — Condition of the Setts Sampled Five Weeks 
After Planting. 


Treatment 



1 Number of Setts Bated — 

Moan 

Sum of 








Rating, 

Single 

Ratings 

Rot 


1 






Description 

Number 

1 

2. 

3 

4 

Sttt 

Only 

Glean setts 

1 

13 

3 1 

_ 1 

0 

0 

1 20 

0 


1 


8 

2 

2 

4 1 

2 15 i 

22 


1 



3 

3 

3 

2 08 1 

21 


1 

■I 

B 

8 

1 

0 : 

1 69 

3 


1 

1 ^ 

7 

1 

6 

3 

2 19 

27 

Infected setts, zinc oxide dip 

1 

r ® 

8 

5 

3 

0 

1 70 

9 

J 

1 7 

16 

0 

0 

0 

1 04 

0 



8* 

0 

' 8 

4 

4 

2 78 

28 

Infected setts, mercury dip 



(0,0) 

(1, 7; 

(4, 0) 

(3, 1) 





1 9 

11 

4 

1 


1 34 

3 


J 

10 

2 

13 

1 

0 

1 92 

3 

Infected setts, zinc oxide DDT 
dust 

1 

1 

r 12 

6 

9 

J 

3 

3 

2 

b 

2 

2 54 

1 83 

33 

14 

J 

1 13 

9 

3 


3 

1 1 85 

15 

Significant difference 



• 



0 77 

10 6t 


* Duplicate ratings for treatment 8 m the two mam blocks of the trial, 
t Difference does not apply to mercury treatments, see text. 


(ii) Controls. 

Treatment 1, clean setts treated only with water (called hereafter 
untreated setts) had no evidence of rot, and very little of fungal growth 
on the cut surfaces of the setts. By conti^ast, the controls* carrying 
Rhizoctonia sclerotia and scab lesions (2, 3, 4) had higher ratings, i.e. 
significant numbers of setts with evidence of fungal action on the 
surfaces, or actual rotting. Although there Was not the full range 
of methods of application among the controls planted with clean setts, 
this contrast suggests that much of the infection may have been tuber- 
borne and did not arise from the soil. 
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Throughout the following discussion it is assumed that a l^ge 
proportion of the organisms causing rotting of the setts was derived 
from tuber-bome infection. The rotting invariably began from the cut 
surfaces. Apparently the exposed tissues provided suitable Md con- 
venient sites for the growth of organisms originally carried externally 
on the skin of the tubers. No assumption is made about the identity 
of these organisms, but it seems likely that strains of Rhizocionia 
aolani were among those causing damage to the setts. 

The comparisons between treatment 4 and treatments 2 and 3 
reveal interesting differences in the condition of the setts. The mean 
rating of 1-69 for setts in treatment 4 was mainly due to a rating of 
2 for 8 of the 16 setts. On these 8 setts suberization had been obstructed 
by organisms that had invaded the cut surface, but up to the time of 
sampling the suberized cells had been an effective barrier against 
actual rotting. Suberization had been just sufficiently rapid to protect 
the underlying tissues. On only one sett had it been ineffective. 

In treatments 2 and 3 approximately the same number of setts 
gave evidence of obstruction to suberization by invading organisms 
as in treatment 4, but in each of treatments 2 and 3, 6 setts were 
definitely rotting, as against 1 in treatment 4. Although the mean 
ratings for setts in the three treatments were not significantly different, 
the differences between those portions of the rating totals contributed 
by setts that were actually rotting were clearly significant (see last 
column of Table 1). The differences between these ratings for treat- 
ments 4 and treatments 2 and 3 were 19 and 18, and the minimum 
significant difference was 10-6, 

The operation that appeared to give this advamtage to the setts 
in treatment 4 was the wetting of the cut surfaces and the maintenance 
of high humidity around the setts until they were planted. The setts 
in treatment 2 were also dipped in water, but were allowed to dry 
out for 4 days before planting. Those in treatment 3 were cut the 
day before planting, and kept under moderately humid conditions, but 
were not wetted. 

(iii) Zinc Oxide Dip, 

Of the treatments in which the setts or tubers were dipped in a 
suspension of zinc oxide, number 7, dipping of the cut setts the day 
before planting, completely prevented premature rotting. It gave the 
cut surfaces an extra firmness and solidity, and there was practically 
no evidence of obstruction to suberization from fungal activity. This 
treatment had no discernible effect on emergence, although the zinc 
oxide dipping and dusting treatments as a whole caused a slight delay 
in emergence. The growth of the plants in treatment 7 was as good 
as in any other treatment (Tables 3a, 3b). 

. When the zinc oxide dip was applied to the setts after cutting, 
and they were allowed to dry out for 4 days, it gave no protection 
against rotting (compare treatments 5 and 2). Applied only to the 
whole tubers, it gave the setts cut from them some protection 
(treatment 6). Although the mean rating for treatment 6 was not 
significantly less than for the corresponding control (treatment 3), the 
sum of ratings for only those setts in which rot was present was 



93 


significantly less (last column, Table 1). As in treatment 4, suberiza- 
tion in most Instances more than kept pace with fungal invasion, 
even though on 5 of the 16 setts there was evidence of some fungal 
growth and destruction of surface cells (five setts were rated 2). 

(iv) Organic Mercury Dip. 

The mercury treatments produced a different picture. The setts 
of treatment 8 were badly shrunken and discoloured when they were 
planted; and, when the sampled plants were dug 5 weeks later, every 
one showed evidence of chemical injury. The cut surfaces carried a 
superficial layer, sometimes 5 or 6 mm. thick, of brown powdery dead 
tissue permeated by the mycelia of saprophytic fungi. The surface 
of the solid tissue below was brown, and carried no properly suberized 
layer. Possibly the main barrier against rotting organisms on those 
setts was the antagonistic action of the saprophytic organisms in the 
dead tissue; certainly normal barriers were almost absent. 

This resulted in a condition of instability which was reflected in 
the duplicate rating totals for the two main blocks of the trial (Table 
1, treatment 8, figures in brackets). Although only distances of 4 to 
12 feet separated sampled plants in the two blocks, the line of division 
between the two blocks was also, along much of its length, the approxi- 
mate boundary between two soil types. The soil of one main block 
was a clay loam, of the other a clay loam mixed with a high proportion 
of gravel. Of the eight setts of treatment 8 dug from the former soil, 
seven were rotting. Of the eight setts dug from the gravelly soil, 
only one was rotting. There is little doubt this variability within the 
same treatment represented a real difference between blocks in the 
reaction of the setts. Changes in soil conditions that did not affect 
the incidence of rot in setts from other treatments affected it in 
this one. 

An incidental result of this instability was that the values for the 
mercury treatments were discarded from the estimate nf the standard 
error for the rating totals, rotted tubers only. Hence the significant 
difference, 10 • 6, is not applicable to comparisons involving the mercury 
treatments. It is probable, however, that the condition of setts in 
treatment 9 was better than in the corresponding control (3). The 
difference between the mean ratings for 3 and 9 was almost at the 
1 in 20 level of significance. There can be no doubt that the poor 
condition of the setts in treatment 10 was due largely to chemical 
injury. 

Chemical injury to the setts in treatments 8 and 10 was followed 
by delayed emergence and a reduction in size of the plants, particularly 
in treatment 10. The high humidity maintained after the setts in 
treatment 10 were dipped apparently enabled the absorption of greater 
quantities of mercury at the cut surface. 

The mercury dip, applied to whole tubers, which were then allowed 
to dry out before cutting (treatment 9) improved the condition of 
the sett in comparison with the corresponding control, treatment 3, 
but it cannot be considered so efficient for this purpose as treatment 7. 
Although the difference between treatments 7 and 9, as shown in 
Table 1, is not significant, the qualitative differences in the condition 
of the setts, that found no expression through the rating scale, were 
in favour of this zinc oxide treatment. 

C.12900/46— 7 
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(.v) Zinc Oxtde-DDT Dwt 

The application of the zinc oxide-DDT dust did nothing to improve 
the condition of the setts. The ratings for thei^ treatments (11, 12, 
13) were no less than those for the corresponding controls (2, 3, 4), 
and the ratings for rotted setts only were significantly higher than 
those for the corresponding zinc oxide treatments (5, 6, 7). Only the 
treatment in which the dust was not put directly on the cut surface 
remained free from this effect. In that one (12) the sum of the ratings 
for rotted tubers only was not significantly different from either the 
corresponding zinc oxide dip treatment (6) or the corresponding 
control (3). 

The dust probably acted by withdrawing water from the cut 
surfaces of the setts and hindering rapid suberization, without pre- 
venting the entry of rot organisms. That dusted setts rapidly lost 
water was evident from the condition of the setts in treatment 11, 
four days after cutting and dusting. They were as badly shrunken 
as the setts of the corresponding mercury treatment (8), although the 
surfaces were not as seriously discoloured. 


(vi) Summary, 

Rapid and efficient suberization appeared, under the conditions of 
this trial, to be essential for the prevention of premature rotting. 
A sufficient and continuous water supply to the exposed cells of the 
cut surfaces was absolutely necessary for efficient suberization. 
Wetting the cut surfaces and the maintenance of humid conditions 
until planting in damp soil gave these cells the water they needed. 
Also it may have encouraged the growth of organ sms which found 
their way from the skin of infected setts to the cut surfaces of others 
in contact with them, or grew over the edge of the cut surface from 
the skin of the same sett. In spite of this invasion, rapid and efficient 
suberization in most instances gave the underlying tissues of treated 
setts sufficient protection from fungal attack. 

The role of the zinc oxide appeared to be fungistatic rather than 
fungicidal. Under humid conditions it discouraged the growth of 
rotting organisms sufficiently to allow full suberization. Under con- 
ditions of insufficient water supply to the cells of the cut surface, zinc- 
oxide gave little or no protection. It may possibly have retarded 
suberization by encouraging the loss of water from the exposed cells, 
but in me presence of sufficient water it rather encouraged than dis- 
couraged suberization. mere was no evidence that it had any toxic 
action on the potato tissue. 

Under similar conditions the organic mercury dip, improved 
'Hortosan, was toxic to the cells of the potato tuber, and probably also 
to the rotting organisms. For this reason, applied to whole tubers, 
it gave some protection to the setts cut from them, without noticeably 
affecting suberization, but its effect on the cut surfaces was to destroy 
many layerj of cells, and its absorption seriously affected the emergence 
and subsequent growth of the potato shoots. 



5. EsM^iKe 

ttie «i»^ence data are In Table 2. Hiese are the actual numbers 
of |dants above ground on three dates, November 22, 13 days after 
^ first shoots were observed breaking through the, soil, and on 
November 28 and January 23, when leaf area ratings were made. 
On November 22, 247 plants had emerged from the 256 setts planted 
in treatment 1 (97 per cent.). Emergence for the corresponding 
conttel with infected seed (treatment 4) was similar. The zinc oxide 
treatmmts (5, 6, 7) and (11, 12, 13) on the whole were slightly behind 
the untreated controls (1 and 2, 3, 4). The treatments in which the 
cut setts were treated with the mercury dip were considerably behind 
(8, 10). The most severely affected was treatment 10, in which the 
cut setts were dipped the day before planting began, mid remained 
under humid conditions until they were planted. Allowing the setts 
to dry out after dipping (8) caused less retardation of emergence, 
but finally about the same proportion of misses (6 per cent.). 

Apart from the merciuy dip series, timing of the treatments had 
slight but uniform effects. When the tubers were dipped or dusted 
the day before planting and kept under moist sacks, they sprouted 
most promptly. The slowest to emerge were those dipped or dusted 
whole, left for 4 days, and cut the day before planting. Those cut 
and treated several days before planting were intermediate. 

Table 2.— Numbers of Plants Emerqed on Three Dates, Fivb Weeks 
After Plantino; when the First Leaf Area Ratino was 
Made; and at Maturitt when the i^cond Leaf Area Ratino 
was Made. 


Treatment. 

Number of Plants 

November 22 

"'November 28 

January 28 

1 



247 

252 

256 

2 

, , 


238 

249 

251 

3 

, , 


234 

248 

253 

4 



243 

265 

256 

5 



229 

245 

247 

6 

, , 


226 

248 

251 

7 

, 


237 

246 

252 

8 



179 

229 

239 

9 



214 

245 

251 

10 

, , 


93 

184 

240 

11 



227 

248 

249 

12 

, , 


219 

241 

247 

13 



233 

246 

248 


6. Leaf Area 

The results of rating for leaf area are in Table 3. Each plant was 
rated according to an established scale (Bald, 1943b). Ihe ratings 
within each plot were added without conversion to actual areas, and 
the total plot ratings were used as the imlt for analysis. No direct 
allowance was made for missing plants. 

The plot totals were very nearly pn^rtional to the logarithms 
of ttie total leaf area of each plot. Comparing increments of Iraf 
area ratings over a period of time was more nearly equivalent to a 
O.lBflOO/46.— 7 t 
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mrnmfiMm at gmitk mat tSum of incremeni* In tenf ai^ Itwiu 
fat reMcn. to tilwlnato tbo labour of converting ratinga 
to ami, that summed ratings vmre used lOr an^yals. 


Hie «TMMing. for treatments In Tatde 3 show significant differences. 
The slants in tmtment 1, following rapid emergence, gave the hicdwst 
vahieB for leaf area on November 28, but not on January 31. This 
is a resection of the difference in the source of seed tubers used to 
obtain ctean setts for treatment 1 (p. 88): the difference is evident 
throughout the growth and yield data. It affected all comparisons 
with treatment 1 involving growth and yield, but not those that were 
GMiflned to the incidence of disease. It arose from the early maturity 
of the only Up-^Date clone of which clean tubers were available 
when the zinc oxide trial was planned. The discard Up-to-Date tubers 
used for treatments 2-13 were unlabelled, and their exact origin was 
unknown, but they were found from the results of the trial itself, to 
be derlv^ from later maturing clones. Care was taken to mix the 
tubers assigned to these 12 treatments very thoroughly before they 
were divided into single lots. 


Table 3a. — ^Leaf Area, November 28. Mean Total Ratinos for 

Single Plots. 


Tr. 

Leaf 

Area. 

Tr. 

Leaf 

Area 

Tr. 

Leaf 

Area. 

Tr. 

Leaf 

Area. 

Tr. 

Leaf 

Area. 

Mean Leaf 
Area. 


, , 

2 

188*4 

6 

186*5 

8 

129*9 

11 

169*1 

168*5 

» • 

.. 

3 

204*1 

6 

196*0 

9 

184*2 

12 

182*7 

191*8 

1 

227-7 

4 

209*4 

7 

210*8 

10 

83*8 

13 

193*3 

174*3 

Moan leaf area 200*6 

197*8 

132*6 

1 

181*7 1 


Significant difisronoe between two treatment means . . . . 1S*0 


Table 3b. — ^Leaf Area, January 23. Mean Total Ratings for 

Single Plots. 


Tr. 

Leaf 

Area. 

Tr. 

Leaf 

Area. 

Tr. 

Leaf 

Area. 

Tr. 

Leaf 

Area. 

Tr. 

1 

Leaf 

Area. 

Mean Leaf 
Area. 

, . 

, • 

2 

489*5 

5 

474^ 

8 

397*8 

11 

458*8 

455*2 


•• 

3 

502*1 

6 

9 

470*5 

12 

471*1 

482*0 

1 

49a‘2 

4 

526*0 

7 

610-1 

10 

359*7 

13 

493*9 

472*4 

Mean leaf afM lOS-f 

489-7 

409*3 

474*6 



ffigiillleyt di ffo m ae e between two Ueatment meaaa . . S8*7 

Hjh*- 
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In spite of the slight lag in emergence, the plants in the zinc oxide 
dip series (5, 6, 7) were not significantly smaller either on November 
28 or January 23 than the controls (2, 3, 4), although on January 23 
the difference was close to signifiaance. iTie zinc-oxide-DDT dust 
treatments (11, 12, 13) caused a slight but definite reduction in leaf 
area. The mercury treatment, 9, in which tubers were treated whole 
and left 4 days before cutting, gave almost exactly the same leaf 
area values as the corresponding zinc-oxide-DDT dust treatment (12). 
The other two mercury treatments 8 and 10, particularly 10, had by 
far the lowest leaf areas on November 28. The leaf areas reflected 
the delay in emergence caused by treatment of the cut surfaces. The 
difference was reduced, but by no means eliminated, on January 23. 

There were other effects on leaf area thaui those resulting from 
delayed germination. To disentangle them from the available data 
was difficult. The effects of delayed germination were not easily 
defined or computed, as they were probably both direct and indirect. 
Firstly the growth cycle as a whole was shifted in time, and this may 
have had secondary effects on the ultimate size of the plants. There 
were small differences, up to 6 per cent., in the numbers of plants 
finally emerging, and there were the unpredictable results of Ruther- 
glen bug invasion, infection with spotted wilt, etc. The bugs, for 
example, appeared to attack and injure young plants more severely 
than old, causing more damage to late-emerging plots, and probably 
inducing differences between treatments in growth rate. 

The most practicable objective method of obtaining an estimate 
of treatment differences, freed from the effects of differential germina- 
tion, was the use of regressions for leaf area on the emergence count 
of November 22. The results can be used only as a guide to what 
may have happened, not as convinc^ evidence of what did happen. 
It is possible that under- or uver-correction of particular treatment 
means might produce differences between the estimated values that 
did not exist in fact. 

The relation between leaf area and emergence was close, but not 
linear. Regressions of the form 

Y a bx cx- 

were calculated for, (1) leaf area, November 28, on emergence counts, 
November 21, and (2) leaf area, January 23, on emergence ‘counts, 
November 21. The regression equations were used to estimate what 
the leaf areas would have been if all treatments had germinated at 
the same time. The variance of the estimated values was less than 
that of the unmodified values ; but no figure for significant differences 
is given, for fear of surrounding the results with a spurious air of 
certainty. The estimated treatment means are in Table 4, presented 
in the form of deviations from the calculated regression curve. 
Negative values were below, positive values above the curve. 

In this table are also the mean values f6r the four complete series 
of treatments, and the means for the three different methods of 
application or timing. Tratment 1 was omitted from the calculation 
of the means. Means of several treatments are less likely than means 
for single treatments to have been distorted by under- or over- 
correction, so discussion will be confined to them. 



Table 4a.— Leaf Asba, Novembbb 28, Estimated rcm Constant 
Emekoenoe. Values Given as Deviations Above or BbEjOw 
THE Regression Curve for Leaf Area and Number of Plants 
Emerged by November 21. 


Tr. 

Leaf 

Area. 

Tr. 

l^eaf 

Area 

Tr. 

Jjeaf 

Area. 

Tr. 

Leaf I 
Area 

Tr. 

Leaf 

Area. 

Mean Leaf 
Area. 



2 

-56-0 

6 

-17-6 

8 

-16-9 

11 

-74-6 

-40-8 



3 

36*3 

6 

36 0 

9 

36-9 

12 

16*8 

31*5 

1 

29-0 

4 

-8-9 

7 

22-.'> 

10 

3-3 

13 

~8-7 

21 


Mean leaf area 

-9 2 

1 

13 6 

I 

8-1 

-22-2 



Table 4b. — ^Leap Area, January 23, Estimated for Constant 
Emergence. Values as Above. 


Tr. 

Leaf 

Area. 

Tr 

Leaf 

Area 

Tr 

Leaf 

Area 

Tr. 

Leaf 

Area 

Tr. 

Leaf 

Area. 

Mean Leaf 
Area. 

. . 

. . 

2 

-40-8 

5 

-4M 

8 

-59-4 

11 

-88-5 

-57-6 


•• 

3 

96-7 

6 

18- 1 

9 

23-8 

12 

8-3 

36-7 

1 

-121-7 

1 

1 

4 

r»r)-9 

7 

125-3 

10 

12-3 

13 

11-6 

51-3 


Mean loaf area 

37-3 

34- 1 

-7 8 

--22-9 



Methods of application had considerable effects on the growth of 
the haulm. Throughout the period of growth represented by the two 
leaf area ratings, the treatments in which the tubers were cut, and 
the setts then treated and allowed to dry out for 4 days (2, 5, 8, 11), 
resulted in smaller haulms than those in which the setts were cut 
and treated ju.st before planting (4, 7, 10, 13). The other method 
of application, in which the whole tubers were treated before the 
setts were cut (3, 6, 9, 12), produced at lui early stage larger haulms 
(Table 4a), and at a later stage smaller haulms (Table 4b) than 
treatments 4, 7, 10, 13. There was here a suggestion that conditions 
Induced in a sett by treatment affected the growth rate of the plants 
as well as the germination, possibly because they affected the ratio 
between the tops and tubers. The means for groups of three treat- 
ments suggested smaller but similar variations in size and growth 
rate. This matter will be discussed again in a later section. In the 
meantime, it is clear that more vigorous growth as well as better 
germination was obtained from treatments which left the setts fully 
turgid and w;^ suberized at planting. 
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7. Total Yield 

ITie yield of the trial as a whole was fairly high, about 9 tons 
per acre, but the tubers produced were far below commercial standard. 
ITie incidence of spotted wilt, the check to growth induced by Ruther- 
gl«i bug, scab, Rhizoctonia, and some injury from the potato moth 
all reduced the proportion of the better grade tubers. The defects 
in quality, however, did not affect the comparisons between total 
yields for different treatments. 


Table 5. — ^Total Yield. Treatment Means in lb. per Plot. 


Tr. Yield 

Tr. 

Yield. 

Tr 

Yield. 

Tr. 

1 

Yield 

Tr 

Yield 

Mean Yield. 


2 

77-4 

5 

791 

8 

56-9 

11 

70-4 

71-0 


3 

81-6 

6 

82*3 

9 

73*7 

12 

76- 1 

78-4 

1 77-2 

4 

85*4 

7 

87-0 

10 

52*3 

13 

81 6 

76 e 

Moan leaf area 

81-5 

82-8 

010 

76-0 



Significant difference between two treatment means 


These are summarized in Table 5. Because of the different origin 
of the seed tubers used for the setts of treatment 1, the yield was 
below that of the corresponding control planted with infected setts 
(4). The zinc oxide dip treatments (5, 6, 7) taken together gave a 
mean yield very similar to that fqr^the controls (2, 3, 4); the zinc 
oxide-DDT dust caused a slight reduction in total yield (11, 12, 13), 
and the mercury treatments caused a greater reduction (8, 9, 10). 
Of the three mercury treatments, those in which the cut setts were 
treated (8, 10) yielded 28 and 40 per cent, less than the corresponding 
controls. The reduction ’due to treating whole tubers with the mercury 
dip before cutting (9) was significant, but only 10 per cent. 

The reductions in yield could in a large measure be traced back 
to retarded germination, but probably also the nature of the treatment 
and the condition of the setts had an influence on yield independent 
of germination. In the values for total yield and leaf area at maturity 
(Tables 5 and 4b) there are indications that plants from setts treated 
with zinc oxide yielded somewhat better than plants of similar mean 
size amongst the control and mercury treatments. In Fig. 2, yield is 
plotted against leaf areas on January 23. A freehand curve is drawn 
through the values for mercury treatments and controls. All values 
for zinc treatments are above this line, and the mean difference 
between the six zinc treatments and points on the curve representing 
the same values for leaf area appears to be well beyond the 1 in 20 
level of significance. 

There was apparently not the same balance between the production 
of foliage 'and tubers in the zinc treatments and the controls. Amongst 
plants with equivalent leaf area on January 23, those treated with 
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zinc oxide produced greater yields than the infected controls, but 
on the whole their leaf area was probably less. The mean rrfuction 
in leaf area below the controls (2, 3, 4) of the zinc oxide dip series 
(5, 6, 7) was 16*1, and the difference necessary for significance was 
16*5. Both yield and leaf area of the zinc oxide-DDT series were less. 
The basic cause of these variations is not clear from the figures. The 
diflaculties of disentangling the effects of interacting variables has 
already been mentioned in the section on leaf area. Similar methods 
as were described there may be used, with the same reservations, to 
analyse the parallel differences in leaf area and yield, and the possible 
leasons for them. 



Fig. 2. — Mean total yield for 13 treatments plotted against maximum leaf 
area ratings. A freehand curve is drawn through the points 
for untreated controls (1, 2, 3, 4) and mercury treatments <8, 9, 10). 
Points for zinc oxide dip treatments <5, 6, and 7) and zinc oxide-DDT 
treatments (11, 12, and 13) are above the curve. 


First of all, partial correlation coefficients were calculated between 
the leaf area ratings, November 28, and leaf area ratings, January 23. 
Both emergence and the square of emergence were eliminated from 
the coefficients because of the non-linear relations between emergence 
and leaf area. The partial correlation coefficient (0*5993) was sY,- 
nificant, but much below the simple correlation, 0*9403. Independent 
of the effects of unequal emergence, there was some tendency for 
treatments in which the plants were small on November 28 still to 
contain small plants on January 23. The relative weakness of this 
Ui^derl 3 dng association suggests variations between treatments in 
rate during the intervening period. Even apart from the 
of ungual emergence, the effects of treatment on the growth 
development of the haulms were probably complex. 
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The association between leaf area on January 23 and yield was 
not so strongly affected by differences in emergence as that between 
leaf areas on November 28 and January 23. There was a very strong 
association, for treatment means within blocks, between leaf area 
on January 23 and yield (r==: 0*9667, n==24). The association was 
reduced, but not so greatly reduced as that between the two leaf 
area ratings, by eliminating the effects of unequal emergence 
(r = 0*8611). There was also a high degree of association between 
yields and the earlier leaf area ratings (November 28): how far 
this was dependent on unequal emergence was not tested. 

These results may be interpreted as follows: Apart from the effects 
of unequal emergence the main effect of treatment was on the size 
of the plant as a whole. In addition, the ratio between haulms and 
tubers was probably affected. There was a close association between 
leaf area and yield, but not so close as to eliminate a reasonable chance 
that treatments had an effect on the ratio between the two. 

8. Direct and Indirect Effects of Treatment 

The possible effects of treatment outlined above were pursued by 
an extension of the analytical methods already adopted, and the results 
were put in graphical form. The effects of differential germination, 
the unwanted variable, were eliminated as far as possible from the 
yields as well as from both leaf areas by a regression equation of 
the second degree. The original criticism of this method still applies, 
that the estimated values for leaf area and yield may not have been 
consistently and adequately corrected for differential germination. 

In Table 6 are the estimated mean yields for the 13 treatments, 
presented as deviations from the curves of the appropriate regression 
equations. The estimated values for leaf areas on November 28 and 
January 23 are in Tables 4a and 4b. 


Table 6. — Total Yield, Estimated for Constant Emergence. Values 
Given as Deviations Above or Below the Regression Curve 
FOR Yield on Number of Plants Emerged by November 21. 


Tt 

Yield 

Ti 

Yield 

Tr 

Yield 

Tr 

\ leld 

^ Tt 

Yield 

Mean Yield 



2 

-13 2 

5 

5 9 

8 

-22-4 

11 

-25*6 

1 

-13*8 



3 

11 .1 

6 

23 * I 

9 

1*4 

12 

7*2 

10*8 

1 

- 33*9 

4 

8*7 

7 

22*2 

10 

4-3 

13 

10*8 

11*5 


Mean yi 

eld . 

. 2 3 


17 1 


.V6 


-2*5 



To obtain an accurate estimate of the relation between leaf area 
and yield, it would be necessary to integrate the leaf area over the 
period when tuber formation occurred. A crude approximation to 
such integration, useful for comparison between treatments, is the 
mean of the estimates for the two leaf area ratings. One of these 
wa9 made at the inception of tuber formation, the other when the 
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plants were at or near their maximum size. Estimated yields w^e 
plotted against the mean of estimated leaf area ratings (Fig. 3), and 
below them were plotted the ratings for the condition of the setts 
(Table i). 

In Fig, 2, values for yield were plotted against leaf area on January 
23 without eliminating the effects of imequal emergence, and the yields 
of the zinc oxide treatments were higher for equivalent leaf areas 
measured at that time. In Fig. 3 such differences appear more clearly 
defined. All treatments are within a relatively small range of estimated 
leaf area values, and the yields for the three methods of application 
within each main treatment fall about a curve that appears to be 
placed on a level characteristic for that treatment. The most 
interesting, and probably the most valid comparison is between the 
zinc oxide dip series (5, 6, 7) and the untreated controls (2, 3, 4). 
Points for the former occur uniformly above the latter, and corres- 
pondence in form between the curves drawn through the two sets 
of points is very close. Similar curves are drawn through the less 
regular series for the mercury dip and the zinc oxide-DDT series. 



Fig. 3. 


Of plants with the same mean leaf area during the period when 
tubers were forming, those growing from setts treated with the zinc 
oxide dip (5, 6, 7) produced a higher yield of tubers than those of 
the controls (2, 3, 4). Presumably zinc was absorbed by the treated 
plants in sufficient qptantity to alter their metabolism. Those treated 
with zinc oxide-DOT dust (11, 12, 13) may have absorbed lesser 
amounts of zinc, whidh had effects so slight as to be of doubtful 
significance. 

The lowering of yield for equivalent leaf area in the mercury 
lahSited series might be an artefact due to the degree of correction 
tlMded to bring the values to equal emergence. Against this view is 
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the position of the point for treatment 9; the correction needed to 
equalize for emergence in this instance was not great. If the difference 
between me mercury and control series was real, it would imply that 
the presence of a mercury compound on the setts decreased the 
efficiency of the plants growing from them in the production of tuber 
tissue — an effect opposite to that of zinc oxide. 

The value for treatment 1 was below those for plants of similar 
leaf area in all other treatments, presumably because the setts were 
derived from an early-maturing clone of Up-to-Date. 

The ratings for the condition of the setts, plotted against leaf 
area below the estimates of yield in Fig. 3, provide an explanation 
for the rising curve of yield on leaf area within each set of three 
treatments. With two exceptions, the sett ratings form a well graded 
series, falling as the leaf area and yield rise. The sett rating of 
treatment 1 is abnormally placed because of the origin of the setts. 
Treatment 3 has a relatively high value for sett rating where a lower 
one would be expected, but this is insufficient to nullify the general 
trend. 

The indir^t effect of treatment on yield may be summarized as 
follows: — The condition of the setts was modified by treatment. The 
plants of those treatments in which the setts remained sound and 
turgid grew more rapidly and produced larger tops than those in 
which the setts were in poor condition and rotted prematurely. This 
difference, in turn, was refiected in yields, the larger haulms on the 
whole producing the greater yields. The simple relation between size 
and yield, however, was probably complicated by direct effects of 
treatment on the ratio between haulms and tubers; and both size 
and yield were subject to the effects of unequal germination induced 
by treatment. 

• i-it 

Even through this screen of disturbing influences it is possible to 
demonstrate associations between sett ratings and leaf area and sett 
ratings and yield. Using the 26 pairs of intra-block treatment means, 
a correlation coefficient of — 0‘4ioi was calculated for sett rating and 
leaf area on January 23, and a coefficient of — 0-4121 for -sett rating 
and yield. Exclusion of the values for treatment 1, which were not 
comparable with those for other treatments, would have raised these 
coefficients to higher values. 


9. Discussion 

In this and the following paper, the results of a single field trial 
on the use of zinc oxide as a disinfectant for cut potato setts are 
examined in detail. The discovery that zinc oxide might be used to 
protect the cut surfaces of potato tubers is recent (Bald, 1943a). 
The experiment described here was designed to give a wide r§inge of 
preliminary information by the collection of .parallel data on disease 
incidence and on the growth’ of potato plants from treated and 
untreated setts. The results have been sought by comparison and 
inference, not by the repetition of experiments and the elimination of 
unwanted variables. The object has been to outline problems rather 
than find definitive answers. 
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The effects of sdnc oxide on the condition of the setts and on 
growth and yield hold a promise of usefulness that warrants furtlier 
work on its use as a protector of cut potato setts. Given conditions 
that normally favour suberization on the cut surfaces of tubers, zinc 
oxide is not toxic to tuber tissue, rather it favours suberization. It 
is probably fungistatic rather than directly toxic to fungi, and so 
weighs the balance in favour of the production of sound and heal^y 
setts. It is not likely to compensate for careless methods of preparing 
cut setts for planting, but it is likely to enhance the efficiency of 
good methods. 

Of the thirteen treatments in the trial, number 7 was the best 
in its effect on the condition of the sett, growth, and yield. The setts 
were cut, dipped in zinc oxide suspension, and maintained under humid 
conditions until planting. This treatment might in practice be more 
effectively appli^, not to infected but to healthy setts. The setts 
might be cut directly into the zinc oxide suspension without the cut 
surfaces making contact with the skin of other setts until they were 
coated with zinc oxide. Also the cutting knife might be regularly 
dipped into the zinc oxide suspension. 

The method of dipping whole tubers in a mercury compound 
before the setts were cut was not so effective as the best zinc oxide 
dip. The use of zinc oxide-DDT dust on the whole tubers before the 
setts were cut gave results similar to those of the corresponding 
mercury treatment. A more suitable filler than crude pyrophyllite 
might be found for making up the dust, or zinc oxide-DDT dust without 
a filler might be used. If control both of infestation with the potato 
moth and rotting of seed tubers in storage were wanted, as well as 
protection of the setts, such a dust might be very valuable. 

The direct effect of zinc oxide on the growth of treated plants, 
suggested in Fig. 3, might result from a deficiency of zinc in the soil 
where the trial was conducted. In other deficient soils, the use of 
zinc oxide should increase the efficiency of the potato plant for the 
production of tubers. The direct effect of treatment would not be 
expected in soils containing plenty of available zinc. 
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The Freezing Point of Soil Water in Relation to the 
Permanent Wilting Percentage 

By c. G. Gun* 

Summary. 

The relation between permanent wilting percentage and freezing point 
depression of soil water was investigated for eight Australian soils, and the 
results compared with those of other workers. 

When the conditions of freezing were Suitably controlled, the water 
content of soil corresponding to a depression of 1*5°C. was found to give 
a close approximation to the permanent wilting percentage. 


The direct method of determining the permanent wilting percentage 
•of soils, as described by Marshall and Williams (1942), requires a 
period of several weeks in which to grow plants in soil samples and 
allow them to wilt. An indirect determination can be made through 
the measurement of the depression of the freezing point of water in 
the soil. This method has not so far been used with Australian soils, 
and the present investigation was designed for the purpose of 
ascertaining the usefulness or otherwise of the method in the case 
of local soils. 

The work of Schofield and Da Costa (1938), and of Bodman and 
Day (1943), on the energy relations of soil water as determined by 
the freezing point shows that approximately the same depression is 
found at the permanent wilting percentage in all soils. This is because 
freezing pomt depressions give a measure of the energy with which 
jsoil water is held, and the permanent-^wilting percentage corresponds 
to a definite value of this energy. This value may be calculated in 
terms of the free energy of escape of soil water, termed moisture 
potential, by the equation — 

Li T 

moisture potential -= ergs/gram of water, 

■^0 

where L = latent heat of fusion of water (— 3-336 X 10' ergs/g.) 

T = freezing point depression of water in soil (°C.) 

Tg = freezing point of pure water (273-18° absolute). 

This quantity is numerically equal to an osmotic pressure of 

dynes/sq. cm. or y- ^ ^ atmospheres. 

To test the value of this method, the two procedures of Sdiofleld 
and Da Costa (1938) were tried. In procedure A the use'of three 
freezing baths gives control -over the amdUnt of supercooling, and 
reduces the effect of further cooling while freezing is taking place. 
Procedure B is less accurate in that only one freezing bath, at a 
temperature of about — 3°C., is used. 

*Aii otBcer of the Division of Soils at the Waite Institute, Adelaide. 




tti* liait ^ tube omtainb^; motst m)A 

SM^Knjnini tiwnnoRieter Ui detemined in terms of wstereqidvBleit in 
txrilt tmqoeduim liuaa an estimate of the pethentace of ice fomed 
di n*b* g freezing may be calculated from the relation — 

/lOOfV ,M\ ^ 

ice as percentage of oven-dry soil =- I L 1 



wlM»<e W mm water equivalent of tube -)- dry soil -)- thermometer 
(grams) 

8 mm dry weight of soil in tube (grams) 

. /^JPtt.rise in temperature during freezing (°C.) 

2/ Mc latent heat of fusion (calories/gram) 

M — water content of soil on oven-dry basis (%). 

This estimate in procedure B is too low, owing to cooling during 
freezing. Early results showed that consistent results could not be 
obtained, and procedure B was not used further. 

The calculated percentage of ice formed is subtracted from the 
percentage water content of soil on the oven-dry basis, to give the 
true water content at the measured freezing point. 

Freezing point depressions were plotted (Fig. 1) on a logarithmic 
scale against corrected water content for eight soils (Table 1). On 
the curve for each soil the value of the permanent wilting percentage, 
obtained by the direct method, was interpolated to find the freezing 
point depression corresponding to that percentage. Results, for 
procedure A, are summarized in Table 2. 

Table 1. — Details of Soil Samples Used. 


Co& Bqul^ pH. 


CSSS Ord River, W.A. 0-0 6-2 

6898 Waikerie, aA 0-17 4*2 

9218 Ord River, WJt. 0-6 12-8 

6278 Waite Inititute, S.A. 0-4 17*6 

4887 a Corlwaa, N.S.W. 0-11 .^-6 

8927 Iferbein, Vie. . 0-7 13-8 

9284 Ord River, W. A. 0-7 60-4 

4469 Athorton Tableland, Qld. Surface' 31 -3 


Table 2. — ^FasEziMa Point Depressions at the Permanent Wiltino 

Percentage. 


Permanent Wilting 
Percentage 
(Direct Meu^) 


Depreesion of 
Freezing Point 
(Method A). 








WATER CONTENT 
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MOISTURE POTENTIAL. pF SCALE 


Fig. 1. The relation between depression of freezing point and water 
content for eight soils. The permanent wilting 
percentage (P.W.P.) determined by the direct method is 
also shown for each soil. 
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As can be seen in Fig. 1, the freezing point depressions given in 
Table 1 were in some cases obtained by extrapolation, owing to the 
difilculty in finding freezing points below about — 2°C. From Table 1 
it appears that increasing values of permanent wilting percentage 
give greater values of depression of the freezing point. However, the 
data are not sufficient to be conclusive, and this trend is not shown 
in the results of other workers. 

The geometric mean value for freezing point depressions given in 
Table 1 is 1-9^C. Schofield and Da Costa (1938) give 1*2^C., and 
Hodman and Day (1943), using a thermocouple method, give 1-5®C. 
as mean values. In terms of moisture potential at 0‘=’C., these figures 
correspond to — 23*2 X 10®» — 18-3 x 10‘*» and — 14-7 X 10® ergs/ 
gram of water respectively, or as equivalent osmotic pressure, 22*9 
18*1, and 14*5 atmospheres respectively. Corresponding pF values 
(Schofield and Da Costa, 1938) are 4-4, 4*3, and 4*2. 

Since the curves of freezing point depressions against water content 
have in general a steep slope in the region of the permanent wilting 
percentage, the variation in these mean figures represent only small 
differences in water content. Consequently, Bodman and Day’s figure 
of 1*5”C., which is approximately the mean of these three figures, 
will give with reasonable accuracy the permanent wilting percentage 
of the eight soils used in the present comparison (Table 3). 


Table 3.— Comparison Between Permanent Wilting Percentage 
AND Water Content Corresponding to Freezing Point 
Depressions op !• 9, 1-5, and 1 * 2 ^ C , 


NullibtT 

Permanent 
Wilting 
Pereentago 
(Direct Method) 

Water Contents Corresponding to Depressions 
of — 


1*6°C. 

l-2'’C. 

9228 

/o 

1*62 

0/ 

/o 

1*6 

0/ 

/o 

1*6 

o / 

/o 

1*7 

6398 .. 

2*41 

2*3 

2*4 

2*6 

9218 .. 

6*24 

6*9 

6*2 

6*4 

6272 ., 

6*32 

5*6 

6*2 

6*7 

4637 a 

9*96 

10*3 

10*6 

10*8 

3927 .. .. .. 1 

10*27 

10*3 

11*6 1 

12*8 

9224 .. 

16*33 

17*1 

17*7 

18*2 

4469 .. 

19*44 

[ 

20*0 

20*3 

20*6 


The influence of salt concentration does not appear to alter the 
relation. For soil No: 3927 with its high salt content of 0-5 per cent., 
the curve (Fig. 1) is flattened; but the error in taking the water 
content at 1-5®C. depression as the permanent wilting percentage is 
only slightly greater than for the other soils. 
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Conclusions 

The investigation confirms the experience of previous workers that 
the freezing point method offers a reasonably accurate means of 
determining the permanent wilting percentage of soils indirectly. 

It is necess€u:y for best results that three freezing baths be used in 
determining the freezing point of soil water, and that heat capacity 
be determined for estimation of ice formation. 

A freezing point depression of 1*5^C. is a suitable basis for 
assessing the water content corresponding to the permanent wilting 
percentage. 
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A Spectrochemical Survey of Some Phosphate Rocks 
and Superphosphates ' 

]. Qualitative 

By A. C, Oertel, M,Sc,* and //. C. T, Stace^ B.Sc^ 

Summary. 

Fifteen samples of phosphate rock and ten samples of superphosphate 
have been examined spectrochemically. In addition to the major consti- 
tuents, the presence of 23 other elements is noted with a maximum of 20 
in any one sample. 

Molybdenum was found in samples of phosphate rock from Egypt, 
Algeria, and Florida, but not in samples from Nauru and Ocean Island. As 
supplies of phosphate rock from these latter sources were cut off during the 
war, the war-time superphosphate contained more molybdenum than the 
pre-war quality. 

Nickel was noted in all samples except those from Ocean Island and 
Nauru. 

Cobalt was found only in samples from Florida, the low-grade phosphate 
rocks from South Australia, and two superphosphates. 

The presence of some of these trace elements should be considered in the 
interpretation of any field experiments carried out with war-time 
superphosphate. 

1. Introduction 

Observations by Professor H. C. Trumble of the Waite Agricultural 
Research Institute on the apparent differences in response of pastures 
on Kangaroo Island to pre-war and war-time superphosphates, led 
to a detailed spectrochemical survey of 29 samples of phosphate rocks, 
superphosphates, and acid neutralizers. Several investigators (1~8) 
have examined mixed fertilizers, phosphate rocks, superphosphates, 
&c., by chemical and physico-chemical means for the ** trace plant 
nutrients. 

Walkley (1) has determined zinc, cadmium, copper, and manganese 
in Nauru and Ocean Island phosphates and superphosphates manu- 
factured from these sources. 

Jacob et al. (2) in a survey of the phosphate resources of the 
United States of America made determinations for magnesium, 
titanium, sodium, manganese, potassium, &c., while Ballard (8) in a 
spectrochemical survey of twelve samples of fertilizers, amongst which 
were two phosphate rocks and two superphosphates, recorded the 
presence of 21 of the arc-sensitive elements. 

This appears to be the first spectrochemical survey of a wide range 
of phosphates and superphosphates for those constituents which may 
be detected in the direct-current arc. 

2. Experimental 

Table 1 gives details of the samples examined. The samples as 
obtained were either finely divided or in small lumps. In the former 
case a sifb-sample of from 1 to 2 grams in weight was ground in an 
agate mortar to secure homogeneity; in the latto c ase a larger 

♦ An officer of the Division of Soils. 
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sub-sample was finely ground In a porcelain mortar, and then the 
smaller sub-sample was mixed in the agate mortar. Duplicate samples 
of from 100 to 150 mg. were taken from each sub-sample, and each 
sample loaded into the cavity of a tared graphite electrode. These 
large samples were used to reduce the error caused by heterogeneity 
and to lessen the likelihood of missing volatile components present at 
low concentrations. 

A Hilger Automatic Large Quartz Spectrograph (E 492) was used 
to record the spectrograms. The slit width used was 10 microns. 
The samples were arced, using a current of 15 amperes, an arc length 
of 4 mm., and an exposure of 60 seconds. Ilford Long-Range Spectrum 
plates were used for the wave-length range from 8000A-3200A and 
Kodak Process plates for the ranges 3500A-2460A and 2900A~2240A. 
The last range was photographed for selected samples only, in order 
to verify the presence of cadmium by the line Cd. 2288A. 

To increase the range of concentrations which could be recorded at 
suitable densities on the plates, the spectrograms were stepped by 
using a rotating stepped sector of ratio 4. Each plate carried an 
iron arc spectrogram, stepped by a rotating stepped sector of ratio 2. 
That spectrogram was us^ to determine the H and D curve of the 
plate for each wave length of interest. The plates were developed for 
three minutes in 1: 2 metol-hydroquinone developer. 

3. Discussion 

A complete qualitative analysis, subject to the limitation impose*! 
by the wave-length ranges used, was made of each sample. The results 
are recorded in Table 1. In that table, M denotes a major component; 
h, m, and 1 that the element is present at a concentration of the order 
of parts per 100, parts per 10,000, and parts per 1,000,000 respectively- 
The indication of the order of concentration is an estimate only, based 
on past experience, and may sometimes be in error for the less 
common elements. 

The elements of agricultural interest include iron, manganese, 
copper, zinc, cobalt, molybdenum, and boron. Of these, it is seen that 
zinc and molybdenum are sometimes present in superphosphates at 
concentrations high enough to be important when the fertilizer is used 
in an experiment on a deficient soil. Figures by Walkley (1), who 
gives for Nauru and Ocean Island rocks 900 and 1,000 p.p.m. respec- 
tively, confirm these estimates. He has also shown that the amount 
present in a superphosphate depends upon the method of manufacture 
of the acid used in the production of the superphosphate. Super- 
phosphate made with acid manufactured from zinc concentrates by 
the chamber process may contain as much as twice the amount of zinc 
as that produced with acids made from elementary sulphur or by the 
contact process. 

In the case of molybdenum, it is of interest that it was detected in 
ten samples representing three localities: Kosseir, Egypt; Bona, 
Algeria ; and Florida, U.S.A., listed in order of decreasing^ 
concentration. 

While the amounts found were small — of the order of parts per 
million— they are perhaps not without significance. Anderson (9) 
has obtained field responses following the application of molybdenum 
trioxide at rates as little as 1/16 oz. per acre, which in a 2-cwt. per 



Table 1. — Showing the Phosphate Rocks, Superphosphates, and Acid Neutralizers Examined, with an Estimate OP the Order op 

Concentration fcmi thl Elements Detected. 

= major component, h = parts per hundred, m = parts per ten thousand, 1 = parts per million. 



were recorded in £dl spectrograms. These elements occur as impurities in the electrodes used, consequently 
attempt was made at a quantitative estimate of them. 
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acre dressing of superphosphate is approximately 10 p.p.m. Trumble 
and Ferres (10) have noted responses from subterranean clover in 
pots when using superphosphate prepared from Egyptian and Makatea 
rocks, compared with superphosphate from Ocean Island. 

Cobalt was found in only eight samples, four of which were the 
low-grade phosphate rocks from South Australia. The others were 
the two from Florida, a Makatea — Egyptian superphosphate, and the 
serpentine superphosphate from New Zealand. 

Other elements worthy of note are rubidium, which only occurred 
in the South Australian rocks, cadmium and antimony which occurred 
in eleven and fourteen of the samples respectively, and nickel which 
occurred in all the phosphate rocks and superphosphates, except those 
from Ocean Island, Nauru, and the Special superphosphate. 
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The Solubility of Lead Fluoride in Aluminium 
Fluoride Solutions 

By T* Scott, 

The solubility of lead fluoride in solutions of aluminium fluoride, 
containing up to 17*5 g. AIF, in 100 g. of solution, has been determined at 
Consideration has also been given to the variation of solubility with 
time of stirring, amount of excess hydrofluoric acid present, and tempera- 
ture. The greatly increased solubility of lead fluoride is ascribed to 
depression of fluoride ion concentration by the formation of complex 
alumino-fluoride ions. The solutions formed in this way slowly deposit lead 
fluoaluminate. The coating of lead fluoride, which normally protects a lead 
surface against corrosion by hydrofluoric acid, is not formed in the presence 
of aluminium fluoride solutions and severe corrosion of lead vessels may 
therefore occur. Suggestions are made for other materials of construction 
which withstand corrosion by such solutions. 

I. Introdudion 

In the course of experiments on the preparation of aluminium 
fluoride by the neutralization of hydrofluoric acid with aluminium 
hydroxide, it was found that the solid aluminium fluoride eventually 
recovered was grossly contaminated with lead fluoride derived from 
the lead vessels in which the operations had been conducted. In the 
presence of hydrofluoric acid such vessels acquire a protective layer 
of lead fluoride; solutions of aluminium fluoride, however, dissolve this 
layer and the freshly-exposed lead surface may undergo further 
corrosion. 

Since lead is commonly employed as a material of construction In 
plants where hydrofluoric acid is used, the solubility of lead fluoride in 
solutions of aluminium fluoride was investigated. A search of the 
literature has disclosed no quantitative work on this subject, though 
Fischer and Thiele (3) have commented on the considerable quantities 
of lead remaining in solution when acid solutions of aluminium fluoride 
are neutralized with lead carbonate. 

From the solubility determinations it should be possible to decide if 
lead is ever suitable for use with aluminium fluoride solutions and to 
suggest other materials better able to withstand corrosion in such 
media. 


2. Experimeotal Methods 

The following factors were foimd to influence the solubility of 
lead fluoride in aluminium fluoride solutions: — 

(i) Time for which solutions were stirred. 

(ii) Concentration of aluminium fluoride. 

(iii) Acidity. 

(iv) Temperature. 

For solubility determinations, a considerable excess of lead fluoride 
was stirred with aluminium fluoride solutions in monel beakers, using 
silver-plat^ copper stirrers. Under these conditions no contamination 

♦ An officer of the Division of Industrial Chemistry. 
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of the solutions by the metals employed could be detected. In the 
majority of experiments, solutions were maintained at a temperature 
of 25*0±0-l®C. in a thermostatted bath, although results obtained 
subsequently showed that accurate temperature control was not 
necessary. 

Solutions of aluminium fluoride were prepared in rubber-lined 
vessels from Laboratory Reagent aluminium sheet and A.R. hydro- 
fluoric acid. By completing the neutralization overnight with pure 
aluminium foil, it was possible to obtain solutions having a pH value 
of at least 4*0. The lead fluoride used was of Laboratory Reagent 
grade, the pH value of aqueous solutions being 5-3 at 25 °C. 

The lead content of the Altered solutions was determined by the 
addition of an excess of sulphuric acid, precipitation of lead sulphate 
being quantitative in the presence of N-sulphuric acid. The precipitate 
was washed with dilute sulphuric acid and aqueous ethanol (50 per 
cent, water) and dried to constant weight at 135°C. 

Fluorine was eliminated from a suitable aliquot of the filtrate by 
evaporation to dryness and digestion with concentrated sulphuric acid, 
after which the aluminium content was determined by precipitation 
with &-hydroxyquinoline, as described by Mellan (5). 

Solutions of aluminium fluoride are metastable at the concentrations 
used in these experiments and slowly deposit ^Q-AlFg . 3H20(2). No 
useful purpose could therefore have been served by analysis of the 
solid residues obtained in the stirring runs, since equilibrium conditions 
were not attained. The aim of the investigation was rather to 
determine the maximum amounts of lead fluoride dissolved under 
varied conditions, and this maximum was reached quite rapidly, as 
will be shown later. 


3. Experimental Results 

(i) Time of Stirring. 

Preliminary stirring runs, to determine the time required to reach 
the maximum solubility of lead fluoride, disclosed that the solutions 
are frequently supersaturated with lead fluoaluminates, which slowly 
deposit on the sides and bottom of the containing vessel to form an 
adherent coating. In contrast to pure concentrated solutions of 
aluminium fluoride, which require nine months to come to equilibrium 
at 25 °C. (2), the solutions containing lead fluoride deposit the major 
part of the lead as fluoaluminates within 24 hours, the actual time 
depending upon the concentration of the solutions. The maximum 
solubility for lead fluoride is reached in 60-80 minutes for solutions 
containing more than 10 per cent, aluminium fluoride, but the time is 
decreased to fifteen minutes or less with more dilute solutions. At 
each concentration of aluminium fluoride, therefore, samples were 
drawn from the vessels at frequent ihtervals, and the maximum 
solubility chosen from the analj^cal results. Under such circum- 
stances, it is possible that the absolute maximum value was not 
always obtained, and this source of error is apparent in Fig. 1 ; from 
the same flgure, however, it is evident that the error is not serious 
since the points all lie close to a smooth curve of best fit. 
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RepFOductble resultfi could be obtained only if the sohitiotts were 
thoroughly stirred from the moramt of introduction of the lead 
fluoride. This prevented caking of the lead fluoride until the maximum 
amount had been dissolved, atter whidb stage the onset of caking gave 
an indication that the solubility was decreasing owing to deposition of 
lead fluoaluminates. 



OAf Acr. fieR IOC om or soLunoN 

Fig 1 — Solubility of lead fluoride in aluminium fluoride solutions 
at 25*^0 

(ii) Concentration of Alumtmum Fluoride, 

Results are shown graphically in Fig. 1. The most concentrated 
solutions obtained were found to contain 12 per cent, of lead fluoride, 
compared with the low value of 0*064 per cent, for lead fluoride in 
water. 

The concentration of lead fluoride increases more rapidly than that 
of aluminium fluoride; hence a precipitate is formed when concentrated 
solutions are diluted with water. Analysis of this material, after 
Altering and washing with small amounts of water and alcohol, i^owed 
the molar ratio AlFg: PbFg to be 0*97: 1*00, from which it appears 
that the precipitate has the empirical formula PbAlFp. If the 
precipitate is washed many times with water, however, the molar 
ratio AlFg! PbFg in the dried solid is decreased considerably, indicating 
that the compound is incongruently soluble in water. For this reason, 
the compound could not be leached from melts of aluminium and lead 
fluorides having the composition of PbAlFg, although the amounts of 
and aluminium in the resulting solutions were considerably greater 
Wn could be foimd in saturated solutions of the simple anhydrous 
llimrides. ^ 
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(ill) Acidity of Solutions. 

By adding hydrofluoric acid to aluminium fluoride solutions, the 
solubility of lead fluoride can be greatly decreased. The effect is 
illustrated in Fig. 2 for solutions which all contain the same 
concentration of aluminium fluoride (7*1 per cent.). 

In the presence of relatively small amounts of acid, however, the 
maximum solubility is not signiflcantly different from that for 
completely neutralized solutions. The values for points A (pH 2*75) 
and B (pH 1«87) in Fig. 2 both lie reasonably close to the best-fit 
solubility curve shown in Fig. 1, although at point B the solution 
contains 0'13 moles of hydrofluoric acid per mole of aluminium 
fluoride. There is little doubt that the solubility does decrease with 
decreasing pH even in such weakly acid solutions, but the errors 
inherent in the determination of the true maximum solubility tend to 
mask the effect. 



MOLAR RAT40 HF/AiT^ 

Fig. 2. — Effect of hydrofluoric acid on the solubility of lead fluoride 
in 7«1 per cent, aluminium fluoride solution. 

By using a mixture containing two^arts by weight of fluosilicic 
acid to fifteen parts of hydrofluoric acid, instead of pure hydrofluoric 
acid, the solubility of lead fluoride is increased by approximately 
25 per cent. Such a mixtxire contains the two acids in the proportion 
commonly fotmd in commercial grades of hydrofluoric acid. 

Greatly increased solubilities occur when other acids, such as 
fluosilicic, perchloric, and acetic acids, are substituted for hydrofluoric 
acid in the above experiments. 
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(iv) Temperature of Solutiom. 

At high temperatures, the maximum solubility is reached more 
rapidly than at room temperature, and the aluminium fluoride solu- 
tions tend to deposit jS-AlFj . SHgO more readily. Solubility determina- 
tions are consequently diflacult to perform satisfactorily. Comparative 
flgures are given, however, in Table 1, for four points along the 
solubility curve, the values at 25®C. being taken from the curve in 
Fig. 1. These high-temperature determinations were done within the 
temperature range 90-98°C., and suffice to show that the temperature 
coefficient of solubility is relatively small. 


Table 1. — Effect of Temperature on SoLUBiLiry. 


AIF. i 

g /lOO g of Solution 

PbF. 

g /lOO g. of Solution 

26‘’C 

90«C. 

13-0 

9-4 

10*2 

11*3 

7-2 

8-7 

7-2 

3-6 

4-3 

3-9 

1-7 

2-1 


4. Discussion 

Since the solubility product of lead fluoride is 7 • 1 X 10 it 
appears that the greatly enhanced solubility in aluminium fluoride 
solutions is due to a reduction in the concentration of lead or fluoride 
ions. This reduction may be brought about in three ways: — 

(a) Formation of associated (non-ionized) molecules of lead 

fluoaluminate. 

(b) Formation of complex ions of the type PbF,“. 

(c) Formation of complex ions such as AIF^^. 

Of these suggestions, the first is improbable and no evidence has been 
adduced for the existence of PbF^ anions. Lead fluoride is almost 
insoluble in hydrofluoric acid, and is immediately precipitated by the 
addition of lead nitrate to this acid. From solutions of lead fluoride 
in aluminium fluoride, lead sulphate is completely precipitated by the 
addition of sulphuric acid and the metal is rapidly deposited in spongy 
form on less noble metals placed in the solutions. 

There is abundant evidence (1), however, that solutions of 
aluminium fluoride may contain complex ions of the type A1F++, 
AIF 2 +, AIF AlFg=’ and AIF^,^. The existence of the complex cations is 
diemonstrated by the fact that aluminium hydroxide is not precipitated 
at pH 4‘1 when ammonia is added to these solutions. Instead, 
precipitation is delayed until the pH reaches a value of five or higher, 
and .the precipitates apparently consist of aluminium oxyfluorides, or 
hydit)xyfluorides, such as AlFj(OH). The complex anions are found 
in the various alkali and ammonium fluoaluminates which are precipi- 
tated on the addition of the appropriate compounds. The possibility 
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that “multiple core“ ions, such as (AlgF^^)®-, may be present has 
not been overlooked, but it is simpler to dismiss them from discussion, 
which may be done without prejudice to the suggestions put forward. 

When lead fluoride is added to these solutions, the following 
reactions, involving the complex iohs originally present, can be 


envisaged: — 

F- + A1F<^ AlFg^ (I) 

F- + Al¥^+ ^ -AIF3 (II) 

F- + AIF3 5=^ AIF4-' (Ill) 

F- + AIF4- ^ AlFfi^ (IV) 

F- + AlFg^ AlFg^ (V) 


In this manner the fluoride ion concentration is held at a very low 
value and considerable concentrations of lead ions may exist in solution 
without the solubility product of lead fluoride being exceeded. 

In solutions containing aluminium fluoride only, the various 
complex ions are present in definite equilibrium proportions, but with 
the introduction of lead and fluoride ions, these proportions are 
considerably changed. The delay in precipitation of lead fluoaluminates 
from such solutions may well be caused by a slow re-establishment of 
the equilibrium proportions of the complex ions. If it be assumed that 
one of the above reactions, such as reaction (I.), is predominant, high 
concentrations of lead ions may occur without the solubility product 
of lead fluoaluminates (such as PbAlFg) being exceeded. With time, 
however, equilibiium between the complex ions will be re-established, 
with a consequent decrease in the concentration of AlFg+ions and a 
proportionate increase in the concentration of ions such as AlFg“ 
At some stage in this process the concentration of A1F,,“ ions will 
reach the level at which the solubility product of PbAlF^ is exceeded 
and precipitation will commence. Support for this hypothesis is 
afforded by the observations of Brosset (1), who found that, with very 
dilute solutions of aluminium fluoride, as much as one hour may elapse 
before equilibrium is established between the various ions. Even if 
reaction (I.) is not predominant, this explanation still holds, provided 
only that reaction (IV.) is of minor importance and that PbAlF^ is 
the least soluble of the various lead fluoaluminates which can be 
postulated. 

Addition of acids to solutions of aluminium fluoride should increase 
the solubility of lead fluoride by depressing the fluorine ion concen- 
tration. Unequivocal results could not be obtained with nitric, 
fluosilicic, and perchloric acids, since lead fluoride is soluble in these 
acids in the absence of aluminium fluoride. A distinct increase in 
solubility was noted, however, when small amounts of fluosilicic acid 
were added to solutions already acidified with hydrofluoric acid (see 
above). 

When hydrofluoric acid is present, the concentrations of all the 
complex ions, including A1F^=, are increased and less lead fluoride can 
be added before the concentration of A1F.^“• becomes sufficient to cause 
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precipitation of PbAlFg. The solubility of lead fluoride, thereftna, 
^ows a marked decrease with increasing concentration of hydrofluoric 
acid (Fig. 2). It is evident that the stage must eventually be readied 
where the supply of complex ions is inadequate to react completely 
with added fluorine. Even when the solution has the empirical 
composition of H,AlFg, however, the maximum amount of lead fluoride 
dissolved is appreciably greater than that dissolved by water qr pure 
hydrofluoric add. 

In the light of the above expianation, it might be expected that 
other fluorides having very small solubilities would be much more 
soluble in aluminium fluoride solutions, but no increase in solubility 
was noted with the fluorides of barium, thorium, and magnesium 
(solubilities O-IT*®, 0-020«, 0-0076‘« respectively; cf. PbF, O-Oed*®). 
The critical factor is apparently the solubility of the corresponding 
fluoaluminate; if this be less soluble than the fluoride, as occurs with 
barium, no increase in the concentration of barium will be observed 
in the presence of aluminium fluoride solutions. Lead fluoaluminate, 
on the other hand, is more soluble than lead fluoride. The solubility 
of magnesium fluoride is so slight that it is difficult to check the 
solubility of the fluoaluminate, but the latter compound is slowly 
precipitated when magnesium sulphate is added to aluminium fluoride 
solution. Thorium fluoride is precipitated from solutions of aluminium 
fluoride on the addition of thorium nitrate, but it is doubtful whether 
a fluoaluminate of thorium exists at all. 


When small quantities of thorium nitrate are added to a Mea r 
solution of lead fluoride in aluminium fluoride, thorium fluoride is 
precipitated. From calculations based on the solubilities given above, 
however, lead fluoride might be expected to precipitate just as readily, 
since the concentration of lead ions is very much greater than that of 
thoriuin ions. This behaviour of thorium fluoride may be explained 
on the assumption that the quoted solubility is too great, a possibility 
which is further indicated by the foUowing facts. When lead nitrate 
IS added to an excess of hydrofluoric acid, a heavy precipitate of lead 
fluoride is obtained, but with added nitric acid the precipitate is 
quickly dissolved. This effect is undoubtedly due to depression of the 
nuorine ion concentration below the value required to cause precipita- 
tion of lead fluonde, yet when thorium nitrate is added an immediate 
precipitate of thorium fluoride is formed. It is, of course, conceivable 
that sufficient PbF+ ions are present to reduce the concentration of 
^ solutions, but it is difficult to assess the 
I*'® of lead fluoride, since enough is not 

Known about the value of the solubility product [PbF+] [F ]. 


5. Applications 

evident that lead is unsuitable 

tZ alo™“iuni fluoride solutions. Although 

solutions is very much reduced by the 

*’'® of lead fluoride dissolved 

SuSliSf^fliSd? ®®”* ^ recovered 

alummii^ fluoride, while the accompanying corrosion of the lead 

beyond the limits which can be tolerated. The 
phenomenon has even been observed in the preparation of cnmllte by 



121 


the iMutralization of trisodium aluminate solutions with hydrofluoric 
add in lead vessels, the resulting cryolite containing up to 0-4 per 
cent, lead fluoride. 

Attempts have been made to overcome this corrosion by developing, 
on the lead surfaces, protective Aims of less soluble lead salts, such as 
the sulphate and chromate, but in no instance could sufficiently coherent 
and impervious Aims be obtained. 

It is probable that this severe corrosion of lead vessels is not 
conflned to solutions of aluminium fluoride, but may occur in any 
solution containing a variety of complex metallo-fluoride ions. 
The essential requirement appears to be that reactions of the type, 
AIF^” + F” AlFg" and A1F++ + P~ AIF 2 +, should be possible 
and many fluorides of the metals of higher valency, such as iron, 
chromium, vanadium, zirconium, and tantalum, comply with this 
condition. Support for this belief has been afforded by the observa- 
tion (4) that, when zirconium phosphate is dissolved in hydrofluoric 
acid, using a lead vessel, considerable quantities of lead are found 
in solution. 

In many operations involving the use of hydrofluoric acid, it is 
thus advisable to use vessels constructed of metals other than lead. 
It is possible, of course, to use synthetic resins, wood, graphite, &c., 
but there are occasions where a metal is more convenient and suitable. 
In such instances, the choice lies between metals which acquire an 
insoluble protecting fluoride fllm and those which are highly cathodic 
in the presence of acids. Dow metal (an alloy of magnesium and 
aluminium) belongs to the first group, and experiments described 
above have shown that the magnesium fluoride fllm is practically 
insoluble in aluminium fluoride solutions. Should the fllm be damaged, 
however, rapid corrosion of the- metal may occur, and the subsequent 
re-establishment of a continuous and impervious fllm may be imprac- 
ticable. To the second group belong metals such as copper, monel, 
and silver, which show little or no reaction with aqueous hydrofluoric 
acid, although the respective fluorides are quite soluble. Of these, 
silver is the most highly cathodic, but monel is probably the most 
suitable for eveiyday use, having the advantage over copper that 
joints in monel apparatus may be welded with monel scrap. No 
corrosion of monel ware has been observed in any of the experiments 
described in the course of this paper. 
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Theory of the Bourdon Tube 

By Elizabeth H, Mam, BA* 

Summary. 

A paper by H. Lorenz on the theory of the Bourdon tube pressure gauge has been 
reviewed and an alternative improaoh developed. This is only a m^t order approximation, 
and gives best results for mt thin-walled tubes. 
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Symbols 

Length of major semi-axis of tube cross-section (para]](‘l with 
ZZ axis) 

Length of minor semi-axis of tube cross-section 
Wall thickness (Lorens uses /?) 

Radius of curvature of the tube (measured at major axis of 
symmetry) 

Radius of curvature at any point on tube cross-section about 
ZZ axis 

Angle subtended at ZZ axis by arc of tube 

Pressure difference in tube 

Tangential or ring stress 

Transverse or meridian stress 

Alxis of curvature of the tube 

Angle formed by the ZZ axis and the tangent at any point on 
the meridian line of the tube cross-section 

Polar angle of the ellipse 

Bending moment along a meridional boundary of tube wall 
Bending moment along a tangential boundary of tube wall 
Normal shear along a tangential boundary of tube wall 
Normal shear along a meridional boundary of tube wall 

Radius of curvature of a principal section normal to meridian 
curve 

Radius of curvature of meridian curve of cross-section 
Change in principal curvature 

r 

Change in principal curvature p" 


Suffixes 1 and 2 are used to denote initial and final states respectively. 


* An officer of the Division of Aeronautics. 
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h Infrodnctioii 

This investigation commenced as a review of an article by H Lorenz on 
the theory of the Bourdon tube pressure gauge(^) This led to the study of 
other papers on the same subject and ^ally to a fresh attempt to solve 
the problem 

2. Discussion 

The article by Lorenz<^> will be considered first His proVilem is to 
determine the stresses and deflection of a (ur\ed tube of elliptical 
cross-section under an internal pressure ji The tube is cur\cd so that its 
axis forms an arc of a circle subtending an angle X at the centre The 
major axis of the ellipse geneiates a cylinder about the ZZ axis (see Fig I) 



The tube is closed by soldered-on end pieces 'When stressed these 
might well (ause some outviaid bcndmg of the walls of the tube, but 
experience shows that such binding moments die iwaj rapidly at a short 
distance from the end Thus there is justification for the omission of these 
terms and the assuinjition that the stress svstim does not vary with X 
However, Lorenz goes further than this and assunii s axial symmetry, which 
enables him to use equations of equilibnum previous!} deri\ed for a closed 
Ting This involves a contradiction, smee the method is to be used to 
calculate the change in angle X, implying a tangential displacement which 
IS impossible under axial symmetry. 



Moreover, the simplification made in neglectmg the bending due to end 
effects IS no reason for omittmg M* altogether, as Lorenz has done (see 
Fig 2) His argument is this . from consideration of the equilibrium of 



an element of the tube bounded by linea of constant r and X, and neglecting 
the quantities r* and three equations are derived connecting the tensions 
<y', the shear t, and bending moment with the pressure f. 


These are 


% 2r cos 0 


+ T tan 0 




2rp'' cos 0 





= hrrX 


where ds = /)^d0 is the element of arc of the meridian curve, and 
are radii of curvature. 


To solve these rr is replaced by Ji cos 0 sin 0 and the constant A 
found from the condition that the strain energy is to be a minimum. 


The resultant bending moment acting on the tube is, according to Lorenz, 
given by r 

M* ==t J (r — Tq) a hds. 


The strain energy L may then be expressed as a function of p, and the 
relative rotation of the ends of the tube found from the relation 




{)£ 'blj 

-dW Tip ^M' 


Taking the points in order, the more exact equations 




{g'' r cos 0) 


pr ()(Tr sin 0) 
h ()r 




, ^ PPi_ 1 lirr ) _ c^' _ 1 ^ 

h p" cos 0 <)0 p’' cos 0 'bX 


bX 


=S p'^t' cos 0 


bjM'^r) 

bs 


^ hrr — M' sin 0 



reduce to those given by Lorenz on omitting r' and integrating the first 
with respect to r. The last gives M* constant with respect to X but not 
necessarily zero. M'' is the bending moment per unit length, so that 

= MVX 


and Lorenz’s third equation follows if M* is zero. Whether or not it can be 
aero will be ^discussed later. 
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The substitution of A cos <P sin 0 for r is suggested by the assumption 
that the tube retains its doubly symmetrical cross-section, so that r vanishes 

at 0 = ^ (n = 1, 2 . . This sort of simplification is justified by 

common practice, and the assumption itself is consistent with his general 
assumption of infinitesimal strain. 


The next point, however, is more troublesome. If M' represents the 
resultant bending moment of the stresses about a point on the axis of the 
tube, this must be equal to the moment of the external forces about the 
same point. The latter is due to the pressure acting on the walls and closed 
end of the tube to one side of the point about which the moment is to be 
found. This moment is readily shown to be zero not only for a tube of 
elliptic or circular cross-section but for any tube the cross-section of which 
has an axis of symmetry parallel to the ZZ axis (App. I.). If then M' is to 


represent the resultant moment it must be identically zero, and 


'dp 


IS 


meaningless. 


On the other hand the resultant moment is in fact equal to 



(r — /q) ah — M' cos 0 


) 


ds 


so that his M' may be non-zero if M' does not vanish. This is one of the 
main contradictions in the work, that Af' is neglected in the governing 
equations, while equilibrium considerations demand that it be sufficiently 
large to compensate the moment about the centroid due to the o'. 


Finally it is hard to justify the step 




U 

dM' 


for the rotation at the end ; for the governing equations do not apply at 
the ends, M' is not the resultant couple acting on the tube, and if it were 
it would have to be zero at the free end. The latter in Lorenz’s equations 
would make not only M' but p and all the stresses zero everywhere. 


These considerations made the solution appear of doubtful value, and 
it was felt that some alternative should be found. 


The articles by Case!*) and Beskiid®) on the bending of curved tubes 
wore not applicable since in this case the resultant bending moment about 
a point on the axis of the tube is zero. (App. I.) Both replace a bending 
moment by a statically equivalent system of varying pressure within the 
tube, and at first it was thought that the reverse method might yield results. 

Qualitative accounts of the Bourdon tube had been given by Hill<®), 
Worthington^’), and Greenhilh®) by the end<»of last century. They discussed 
some of the difficulties of 'the problem and described the most suitable 
dimensions for a tube of high sensitmty. 

Lord Rayleigh f®) mentions the Bourdon tube as an example of Gauss’s 
Theorem, that if extension is neglected the state of bending of a thin shell 
will be such that the product of the principal radii of curvature remains 
C.12900/46— 9 



constaiit. He points out, however, that, for an elliptical cross-section, 
pure bending cannot occur, and suggests replacing the two halves of the 
ellipse by synunetrical curves meeting at a finite angle. 

Experimental results supporting the view that the deflection is largely 
due to inextensional bending are given by Wuest^®). He calculates the 
path followed by the free end of the tube on the assumption that (rX) has 
the same value before and after strain. He also deduces the locus of the 
instantaneous centre of curvature of the path, and verifies this experimentally. 
Reference is made to a paper by Strohmeyer(^®>, who discusses the Bourdon 
tube at length, describing the shearing effect between adjacent longitudinal 
strips. He suggests that the ideal cross-section for the gauge would be 
lip-shaped, not elliptic, to reduce this effect. 

8unatani(ii) uses the theory of a straight tube under internal pressure 
by neglecting the curvature of short elements of the tube. In effect, he 
neglects longitudinal bending, which he justifies by showing that the 
resultant bending moment due to the pressure is zero (as in App. L). 
Actually this moment is zero only about points on the axis of the tube, not 
in the walls. However, the effect of longitudinal bending is usually small 
compared with bending of the section, and his work is supported by 
experimental results. The deflection of the free end is calculated, shown 
to be largely dependent on the terms due to inextensional bending, and on 
the basis of these an improved mechanism devised to give a linear scale 
reading. 

The problem of a tube of circular cross-section is discussed by Dean(^). 
His tube forms a closed ring so is not really applicable to the Bourdon tube, 
but several closely analagous difficulties arise. He is led to the conclusion 
that the theory based on small displacements is not satisfactory, owing to 
the occurrence of large and approximately inextensional displacements 
which tend to make the circular cross-section oval. 

The same difficulty arises with the Bourdon tube from the vanishing 
of the moment due to the pressure. The hypothesis that the displacements 
are small, implying that an element of the shell is in approximately the 
same position before and after strain, must be abandoned, and the difference 
between initial and final co-ordinates taken into account. 

Under high pressure the elliptic cross-section will distort, tending to a 
circular shape, and causing a displacement away from the ZZ axis if 
f > fj, and towards it if r < Vq. In consequence, different longitudinal 
strips have different centres of curvature, and if the angle X remained the 
same the outer side of the tube would be in tension and the inner in 
compression. Equilibrium is attained by a change of both radius and 
angle causing the tube to straighten. 

Another straightening effect is due to the extension of the tube caused 
by the pressure on the ends. Tangential extension of each element causes 
an increase in the radius of curvature and hence a small deflection, of the 
order of strain. * 

If the cross-section is circular it will not 'distort, but the increase in the 
radius will have a straightening effect on the tube. This will be of the 
same order of magnitude as the effect of longitudinal strain so both must 
bi eopsidewfi in the circular case. 
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If, however, the cross-section is fairly flat, with minor axis in the plane 
of bending, and the walls of the tube are thin, it is to be expected that the 
main effect is due to distortion towards the circular form. This problem 
seems to demand a treatment based on pure bending of a thin shell. 

3. Approximate Solution 

In this approach the difference between initial and final co-ordinates is 
no longer negligible. The suffix 1 indicates the initial state and suffix 2 
the final. Lorenz’s quantity is replaced by and /Jg respectively. 

Pure bending only is considered, the effect of extension being neglected. 
Thus all lengths in the middle surface are supposed to remain the same after 
strain as they were before, although the form of the surface may alter 
considerably. For example, if the axis of the tube initially subtends an 
angle at the centre of a circle of radius jRj, and after strain subtends an 
angle Xg, then the new radius jRg is given by 

R^X^ ^ R^X^ 

In this way the final state may be expressed as a function of the initial 
state and only one other variable, that is, if the initial form of the tube 
and the final value of one dimension are known, the final state is determined. 
The variable chosen below is the final value of the minor semi-axis of 
the ellipse. The major axis can be expressed in terms of this from the 
condition that the length of the perimeter remain the same. Moreover, 
although it is not possible in the elliptic tube(^) for pure bending of the 
cross section to lead to pure bending longitudinally, yet for a fairly flat 
tube the extreme outer and inner parts of the shell will have most effect, 
and may be used to express Xg as a^unction of For, if no extension 
occurs 

(B, + = (iJ* + 

{R^ - b,)X, = {R^ - b,)X^ 

Therefore 

ba Xi Ka 

Having expressed the dimensions of the strained tube as functions of tg, 
it only remains to find hg as a function of the pressure in the tube and the 
elastic constants of the material. This is done by using the theorem that 
the total energy of the system must be stationary for equilibrium, requiring 
that the increase of strain energy in a small displacement from equilibrium 
is equal to the work done by the internal pressure. Solving this equation 
gives hg and hence the other unknowns. 

This method has been applied to the elli|)tic tube and also to one of 
lip-shaped cross section as suggested by Strohmeyer(^®). Both involved 
elliptic integrals and it was found convenient to approximate to the solution 
by power series. It was not Considered worth while to take many terms 
of the series since the solution is already incapable of accuracy due Uk* 
neglecting extension and assuming the form of the final shape. 
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The elliptic case alone will be given in detail. The form taken for the 
lip'shaped cross section was given by 

^ 7TX 

2 ,=. 6 008 *-^ • 

The length of the perimeter is then 

J 4a* a 

TT 

= 46 \ I + ^/* Vl sin* X dx 


This is expanded as a series in powers of . 

otherwise is similar to that in the elliptic case. 


The procedure 


An ellipse of semi-axes a^, is supposed to bend without extension to 
form an adjacent ellipse of semi-axes Og, A point on the first ellipse 
moves to a neighbouring point on the second at the same distance along the 
curve from an extreme point, that is 


h 



a\ — (a\ — 6f) cos^ 6 dO 


0 



0 


” ^2 


. . (1) 


For flg — K this relation may be used to express in terms of a^, 

by, and by an equation of the form 

^2 ^l) • * * (2) 

where is, to a first approximation, a function of a^, only, and is of the 
order of (b/a). 

The above equation was obtained by expansion of the elliptic mtegrals 
in series of powers of b^/a^. For other values of Oi and 0^ this is not so 
readily done, and the following approximation was made. 

It was found graphically that 0^ — 02, which is of course zero at 
6 = 0, increases smoothly to a maximum at 0 =; ~> remaining always 

small for^, adjacent ellipses. Fitting a function to this curve, the form 
(^2 ®i) = ^ cos 0. (3) 
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wa« assumed, where t] may be determined from the value of 02 — 6i at 


0 =^, namely 


- 01 ^ yjal-ial-bl 


6 f) cos^ 0 dd 


-p V«i - K - H) cos^ ^ dd I ^ 

|/ 


hi co&^ 0 d0 


-p Vof - («f - cos* 0 d0 I 


TT 

4 


for convt»nience m evaluating the integrals (App. II.). This finally gives 


(0, - 0,) ^ 


2x^2 


\/a^ + 62 

where C 2 is another function of a^, h^. 


C 2 sin 0 cos 0(62 — 61 ) (4) 


Equations ( 2 ) and (4) are needed to ensure that the same point is 
considered in its initial and final positions. This is necessary in valuating 
the strain energy, which is given by 


U 



{k + k'P- 2(1 


-- a)KK' 


] 


dS 


( 5 > 


integrated over the middle surface of the shell (see ref. 12 , p. 504). Here 



Eh^ 

1 - (72 


where 2h is the thickness of the shell, E is Young’s modulus and <j Poisson’s 
ratio, and k, k are increments in the principal curvatures. 


In a small displacement from equilibrium^the work done by the internal 
pressure is approximately f (increase in enclosed volume) = pS( 7 ri? 2 ^ 2 ® 2 ^ 2 ) 
and must equal the increase in the strain energy 

p8(7ri?2^2®2^2) = SC/ . 

giving 62 as a function of p, and hence the other unknowns. 


( 6 ) 
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In ezpiefifiing the stfain energy as a function of bf a number of series 
stpproximationB are needed. The lines of curvature are the lines X ^ constant 
and $ constant, so the principal curvatures are respectively 

cos 0 

f 


where tan 0 = — 


dx a 


cot 0, and 


where e* = 


"" ““ft"' • 


a*(l — e* 008® 0)® 

The quantities k and k* are thin the changes in 


these quantities on going from the point at on the first ellipse to 0^ on 
the second, 


cos cos 4^1 


K = 


8 

a\ ~ cos® 82) 


af (1 


e? cos’ 


»i) 


Taking the first terms of series expansions in powers of 


and- 




’ h 




^ and using (2) and (3) these become 
R^sm cos® 0, 


r\ a* 


+ 


r, 


■) 


+ 


ib, - b,) (- ( 1 + 

V qr.J V **// 


K 7J. 


36i ef sin® 0^ cos® /h h \ 

^ 


a? a-* 


1 + Ml 

af 

3^-»® I p \ 

(1 + ?i^l)c08® fli I 

<^a / 


where o = 1 — ej cos* These are to be substituted in (6) using (4) to 
■give an expression of the form 

U « (6j - hj)* F 

which is obtained after tedious expansion in series of elliptic integrals (see 

App,'jtt4. ' 
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Then using (6) 

== ” 1 ” ^2^2) 


BO that 


p 7 rRjX ^{ aj ^ — 0161)862 

2(62 - 6i)i^S62 




_ j)wi2,Xi(o, - CA) 
^ ^ 


This is the method used, but for various reasons it is not satisfactory. 
Comparison with experimental results on eight gauges at the Division of 
Metrology”) C.S.I.R., showed that the theoretical treatment gave deflections 
considerably too small, varying from 2/3 to 1/8 of the experimental. This 
means that the tube of this theory is stiffer than the actual one, whereas 
Sunatani*8(^^) method made the tube too flexible, giving from twice to 
eleven times the deflection. 


Several causes may contribute to this lack of agreement, the main one 
probably being the initial assumption that the ellipse distorts into another 
ellipse. In passing to the corresponding point on a neighbouring ellipse 
the change of curvature k ' is small, and comparable with the change on 
going to a neighbouring point on the same ellipse. Thus if the final fonn 
in fact differs only slightly from an ellipse it may make a considerable 
difference to the result. 


This does not mean that results deduced for an elliptic cross section can 
not be applied to a tube of a slightly different form ; but in estimating the 
behaviour for the case of the ellipse the final form should really be deduced, 
not assumed. 


The assumption that the deflection of the end of the tube is largely due 
to inextensional bending was supported to some extent by the experimental 


results mentioned above. Values of 


^ and ^ 


- calculated from 


them are given below for comparison. They show that bending theory may 
well be used to estimate the order of strains involved. 



•023 

•036 

•026 

1 

•035 

•023 

•032 

•024 

•020 









X, -X, 

X, 

•031 

•026 

•020 

•028 

•023 

•025 

•025 

•026 


4. Conclusions 

The Bourdon tube straightens under pressure due to the distortion of 
its cross section towards a circular shade.' For thin- walled tubes the effect 
is due chiefly to inextensional bending of the shell, so that in certain cases 
the direct stresses may be neglected. 
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A simplified theory of this kind has been devised here by assuming the 
form but not the amount of the distortion. On comparing the calculated 
deflections with experiment they were found to be too small, ranging from 
2/3 to 1/8 of the experimental values. It is possible that the results could 
be improved by retaining second order terms in the series used, but an 
exact solution is not obtainable by this method. 

For real accuracy the form of the strained tube could not be assumed, 
but would have to be deduced from thin shell theory. A 'possible approach 
would be to neglect the direct stresses and strains in the equations of 
equilibrium and attempt to solve the problem in terms of the two principal 
curvatures and bending moments. 
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Appendix I 

Proof that the bending moment about a point on the axis of a closed curved 
tube due to internal pressure on its walls is zero for all tubes having an axis of 
symmetry perpendicular to the plane of bending. 




Fig. 3. 
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Consider the moment about P due to the pressure on an element of the 
tube which subtends the angle 8X at 0, a point on the ZZ axis. The same 
pressure p acts normal to the surface elements ds^ and which are of the 
same length in the plane of the cross section but differ by (fj — fg) 8^ along 
the tube. The resultant outward thrust due to pressure is 

p ds sin 6{r^ — rgldX == p .dA .dX 

where dA is the shaded element of area. For the whole cross section it is 
AdX, with moment about P given by 

dM = pTq sin XAdX 

Thus the total moment from elements from X = i) to X — X^ f,ay is 

M ■-= pr^Ail — cos X|) 
in a clockwise sense about P. 


The moment due to the pressure on the closed end is 

COS Xj)pdA' 

where dA' is now an element of area parallel to the axis and distant r from 
it. For a symmetrical cross section this reduces to the moment 

M' ~ PTqA{1 — cos Xj) 

in the anti -clockwise sense. 


The total moment about P js then 

M - M' - 0 

as required. 


Appendix II 

In determining as a function of (hg — b^) it was necessary to express 
the elliptic integral 

/ \/a^ sin^ d cos® 0 dd 

IT ^ • 

4 

as a function of a, 6. This may be done by expanding as a series in 

powers of converging uniformly if b/a is small, 

a* — 0 “ 
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y“ Vo* sin* 0 + 6* 008* dd « V"* - + ^TZ cosec* 9 


ff 
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AT 

4 


.Sin 


ddB 
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6 * 


\/a* ^ ^ + i -g ’ Z T'y ® 

TT 

'i 

[ 1 1 1 4 , ”■ 

^ ^ o* - 6* 8 

+ n I 


)] 


The other elliptic integrals which occur in evaluating the strain energy 

are all complete integrals, that is integrated in the range 0, They wer<3 

expanded in powers of feVa*, using the series given by Jahnke and Emde 
(ref. 13, p. 73). In their notation the integrals 


f 


dO 




dd 


0 y'l — c* sin* 6 o y^l — e* cos* 6 


and 


-/ 1 


sin* 0 cos* 6 dd 


f ®i 

J n 


sin* 0 cos* 


(1 - e* sin* d)*/* i (1 - e* cos* d)»/* 

6* 

are given as series in powers of A;'* = the coefficients involving v — log^ 

Since these series converge uniformly for small values of 6/a it is 

possible to obtain other series expansions by differentiating term by term and 
forming linear combinations, using the relation 

6 * 


€* = 1 


For instance 


/ 

0 


sin* 0 cos^ 0 dO 2 dG 
(1 — c* cos* d)*/* 3 (ie* 

2 d 


3 d(6*/a' 


T)(’' - 2 + 1 (" ” a) ? + • • •) 


36* 


2 ^4 ^ ’ 
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Tbe integral 


/** dd 
0 (1 - e* cos* 


is obtained by differentiation and addition 

TT 


*0 (1 - e* cos* ef^ - + 2e ^ + 2e 


From this the 


2 a* - o* 3i/ 
1L 

cos* d dd 

0 (TL e* cos* fly/* 

H 

and/* 

0 (1 — f* cos* 0)®/* 


32 


are readily obtained by differentiation as above. 

Integrals containing higher powers of sin 6 in the numerator may be 
obtamed by using the formula : 

1 _ '1—6* sin* 0 

(1 - 6* cos* (T- 6* COS*T)nTl (I - 6* COS* 0)«+l 

for instance : 

TT 

sin* 0 d0 

0 (1 - c* cos* 0)*^ 
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\ — f sin 

{i~ 


sin* 0 d0 


cos^ 


-^)5/2 


E 

mt 


1 f sin* 0 d0 
^ (1 - e* cos* 0)*/* 

and the integrals on the right are similarly expressed in terms of 


/ 


de 


\i/iJ 


dd 


0 (1 - e* cos* 0)*/’ 0 (1 ~ e* cos* d) 




and 


/ 


dd 


'o (1 - e* cos* ») 


J . 


In this manner all the elliptic integrals required are represented 
approximately by the first few terms of series in powers of 6*/o*. 



A Report on ComL-ercial Tuna Trolling Tests in 
South-Eastern Australia. 

By D. L. Strtiady, BSc., Ph.D* 

Summary. 

A commercial tuna trolling test In the waters of Tasmania and New 
South Wales in 1941 was sponsored by the C.S.I.R., but the results proved 
disappointing. 

The fishing results are analysed and among the conclusions drawn is 
the fact that southern bluefln tuna fiuctuate strongly in abundance and 
other characteristics in south-eastern Australia. 

I. Introduction. 

The Division of Fisheries investigation vessel, M.V. Warreen, 
conducted surveys in south-eastern Austraiia for tuna and other 
pelagic fish from the time of its commissioning in May, 1938, to June, 
1942, when its operations ceased owing to the war. Attention was 
directed to three principal methods of fishing for tuna: (1) by trolling; 
(2) pole-fishing with live bait; (3) purse-seining. 

During the period, only a limited amount of tuna had been caught 
for commercial purposes in Australia, and that almost entirely by 
trolling. The desirability of proving the possibilities of the troll 
fishery by a comprehensive commercial test, in association with the 
C.S.I.R., early became apparent and was made more urgent by war-time 
needs for processed fish. 

The tuna trolling tests were eventually carried out in 1941, in 
Tasmania and New South Wales. They developed out of a recommenda- 
tion by Mr. S. Fowler to Dr. H. Thompson (Chief of the Division of 
Fisheries) that, since he believed the existing research vessel, M.V. 
Warreen, could not give detailed attention to several fisheries over a 
wide area at the same time, two smalier boats be built for intensive 
research and demonstration of fishing methods in south-eastern 
Australia. At the time of this recommendation, it was proposed to 
build a new research vessel for explorations in Western Australia, and 
Mr. Fowler recommended that instead of building this vessel the 
Warreen be assigned to Western Australia and that the two smaller 
vessels take her place in south-eastern Australia to fish intensively in 
restricted areas for tuna and other species. They would demonstrate 
whether or not tuna could be trolled in commercial quantities with 
reasonable consistency over a period. If these craft were not ready in 
time, he advocated that a Tasmanian tuna fishing boat, the Weerutta, 
be chartered to fish intensively in the Flinders Island and north-east 
Tasmanian areas from about February to July following (namely, 
hi 1941). 

The proposed small research vessels were not built, and Dr. 
Thompson recommended to the Chief Executive Oflicer that the 
Weerutta be chartered for nine months for tuna and barracouta 

•An officer of the Division of Fisheries. 
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pching In New South Wales and Tasmania. Approval of the tests was 
not obtained to take advantage of the current tuna season in New 
South Wales, but arrangements were completed for the carrying out 
of the test with two vessels in Tasmania from March to June, 1941. 
The tests were later extended to the New South Wales coast during 
mid-August to the end of November, 1941. 

The tests themselves were organized by Mr. Fowler, and in place of 
outright chartering the two vessels concerned were subsidized by the 
C.S.I.R. In general, the agreement with the owner-skippers provided 
for the guaranteeing of each vessel for a £500 catch during a four 
months’ fishing period, to cover the main tuna season in particular 
areas. The amount of the guarantee was stipulated by each owner as 
a condition of his agreeing to engage in the tests, and was based on 
his estimate of the costs of operation, plus reasonable remuneration. 
The owners bore all risks in respect of vessels, gear, and personnel. 
The contract set out that “ the primary object of the test is the 
capture of tuna and barracouta with most importance attaching to 
tuna. If, however, conditions at any time are not suitable for the 
capture of these species, such opportunities as might be presented for 
the capture of other marketable species shall be seized, and the value 
of such catches shall be included in the total catch for which the 
guarantee is offered.” It was arranged that the M.V. Warreen should 
continuously patrol the fishing area during the period of the tests for 
the information of the vessels participating, and that any fish caught 
by her should be disposed of to make up any payments that might 
have to be made under the terms of the guarantee. 

The vessels selected for the test were two 55-ft. Tasmanian power 
ketches, the Weerutta and the Jean Nichols. The Jean Nichols was a 
new vessel, but the Weerutta had been converted for tuna trolling in 
1939, and had fished during the Tasmanian seasons of 1939 and 1940. 

Two separate tests were arranged. The first was in the east 
Tasmanian area, from Flinders Island to Cape Pillar, the Weerutta 
fishing from March to June and the Jean Nichols from mid-March to 
mid- July. The second test was made on the south coast of New South 
Wales from August to November inclusive, in which only the Weerutta 
participated. Both vessels used the same gear, of the pattern employed 
on the Warreen (C.S.I.R. Pamphlet No. 104), and trolled as a rule 
eight lines, at a speed of 8 knots. Bone jigs were mainly used for 
tuna fishing, but recourse was also had to wood jigs and feather lures. 

General Results. 

In both of the tests the vessels failed to reach their quotas under 
the guarantee, and in each instance ended the season with considerable 
deficiencies. In the Tasmanian test the Weerutta and the Jean Nichols, 
after allowing for the fish caught by .the Warreen, showed a total 
deficiency of £380 8s. 9d. on the total guarantee of £1,000, and in the 
New South Wales test the loss was £383 Os. 6d. on a guarantee of 
£575 14s. 3d. Thus, the financial cost to the C.S,I.R. of the combined 
experiments was £763 9s. 3d. The detailed account of the fishing 
operations and assessment of the- results will be described for the two 
areas separately. 



1S8 


2. The Tasmaoiaii Test 

i. (kiieral. 

The Weerutta operated mostly in the south-east Tasmanian region, 
principally In the vicinity of Cape Pillar, whilst the Jean Nichols was 
mostly fishing in the Fumeaux Island region. Their respective 
performances were as follows: — 

Weerutta. Jean Nichols. Warreen. 



Days. 

Per cent. 

Days. 

Percent. Days. 

Per cent. 

Actual fishing days 

69 

57 

67 

56 . 

. 76 

80 

Weatherbound 

10 

8 

’ 14 

12 . 

8 

8 

In port . . 

37 

30 

26 

22 . 

. 11 

12 

Under repairs 

6 

5 

12 

10 — 

— 


122 = 17-4 weeks. 119 = 17 weeks. 95 = 13-6 weeks. 

The Weerutta tried for tuna on 63 of the 69 fishing days, trolling 
for an aggregate of 410 hours, or 6*5 hours per day; the balance of 
the time was devoted to other types of fishing. The Jean Nichols tried 
for tuna on 47 days, and trolled for an aggregate of about 474 hours, 
or 10 hours per day; the balance of the fishing time was devoted to 
barracouta fishing. The Warreen tried for tuna on 71 days, trolling 
for an aggregate of 524 hours, or 7*4 hours per day. 

In the following table of fish caught, the amounts transferred to 
the vessels at sea by the Warreen and included above under “ General 
Results ” have been deducted: — 

Kind of Fish. Weerutta. Jean Nichols. 

£ 8. d. £ 8. d. 

Tuna . . . . 124 7 6 . . 80 5 5 


Barracouta . . 

. . 90 

16 

0 


126 

8 

Horse mackerel 

.. 33 

14 

9 



— 

Salmon 

.. 10 

14 

5 



— 

Various 

19 

1 

2 



— 


278 

13 

10 


206 

13 


ii. Economics. 

The following analysis has been prepared of the working expenses 
and earnings of the two boats during the test: — 

Fishing Boat Weerutta. 

From All Fish. From Tuna Only. 

£ 8. d. £ 8. d. £ s. d. 

Total earnings . . 278 13 10 124 7 6 

Expenditure — 

Fuel oU 45 0 7 

Lubricating oil 4 16 0 

Ice .. 28 4 3 

New fishing gear 10 12 6 

Total expenditure . . . . . . 88 13 4 88 lb 4 

Net return for boat . . . . 190 0 6 35 14 2 

Return for boat per week . . . . 10 18 5 — 

Return for boat per week if tuna only 
had be€i\ fliSied for — 2 10 
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Hie approximate value of the fishing gear on the boat at the start 
of the test was £32. The crew comprised three men. Depreciation, 
insurance, and wages would be additional charges on boat earnings. 

Fishing Boat Jean Nichols. 






From All Fish. 

From Tuna Only. 


£ 

s. 

d. 

£ 

8. 

d. 

£ 

8. 

d. 

Total earnings 

Expenditure — 

• 

• 


. . 206 

13 

8 

80 

5 

5 

Fuel oil 

75 18 

8 







Lubricating oil 

1 

6 

8 







Ice . . 

8 

0 

0 







Fishing gear . . 

10 

0 

0 







Total expenditure . . 




.. 95 

5 

4 

95 

5 

4 

Net return for boat 




.. Ill 

8 

4 


— 


Return for boat per week 



6 

11 

1 


— 



Net loss during period if tuna alone 
had been fished for . . . . — 15 0 0 


iii. The Tuna Catches. 

'Tuna were the priinaiy objective of the tests, and most attention 
was paid to fishing for these species. The other fish taken were 
sought only incidentally, and when there were no tuna at the time. 
The following table is an analysis of the tuna fishing performances of 
the two boats compared with that of the Warreen, which was fishing 
in the same area for an equivalent period*: — 


Species. 

Weerutta. 

Jean Nichols. 

Warreen. 


£ 8. d. 

f 

8. d. 

£ s. d. 

Bluefin 

. 123 2 0 

56 

7 6 

80 2 0 

Striped tuna . . 

0 14 6 

26 

8 0 

59 4 6 

Albacore 

0 11 0 ’ 

2 

0 6 

1 11 0 


124 7 6 

84 

16 0 

140 17 6 


♦ The slight differences between the values in this section and that in the 
preceding paragraphs are due to the fact that the data which follow are 
computed from the fishing boats' logs and the Warreen record sheets. 
Often numbers of fish only have been recorded by the boats, and the 
computed weights differ slightly from the cannery returns. 
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In quantities of fish, the details are as follows: — 




WmuUa. 

Jean N%choU. 


Warreen, 

Species. 

No. 

.Weight. 

No. 

Weight. 

No. 

Weight 

Bluefin 

603 

Tons. 

4*924 

251 1 

Tons. 

2*216 

363 

Tone. 

3-204 

Striped Tuna 

P 

0-029 

325 

1-056 

729 

2*369 

Albacore . . 

8 

0-022 

29 

0*081 

22 

0-062 



4-976 


3*352 


6-635 


To meet the guarantee of £500 per boat would have required a 
weekly average catch of about IJ ton. In actual fact, the catch of 
the Weerutta represented a weekly average of 0*29 ton, and that of 
the Jean Nichols of 0*20 ton. In the former case it was only 23 per 
cent, of the required quota, and in the latter only 16 per cent. The 
Weerutta had been fishing for tuna for six weeks before the tests 
officially started, but the amount caught during that period would not 
have affected the position materially. For the entire season the 
weekly average catch (for bluefin) was only 0*27 ton. 

The difference in the catches of bluefin and striped tuna are due to 
the fact that striped tuna were confined to the Flinders Island and 
north-east Tasmanian region, where the Jean Nichols was mainly 
fishing, while the bluefin were more abundant in south-east Tasmania, 
where the Weerutta operated. The Warreen worked in both areas. 
The higher catch of the Warreen in striped tuna over that of the Jean 
Nichols may be partly accounted for in that the latter vessel began 
fishing just after the peak of the striped tuna concentration. 

The frequency with which the various daily catches of bluefin were 
made by the Weerutta is given on p. 146. 


iv. Interpretation of the Tests. 

(i) Southern Bluefin Tuna (Thunnus maccoyii). 

The value of the tests in assessing the tuna trolling possibilities of 
the Tasmanian region may be set in a better perspective by a considera- 
tion of other data possessed by the Division. This has been gained 
from two sources: (1) the sampling of the Warreen, and (2) the 
commercial fishing of the Weerutta during the 1939 and 1940 and part 
of the 1942 seasons. 

(a) The Warreen^s ” sampling, — Since May, 1938, the Warreen 
has trolled at frequent intervals in the south-east Australian littoral 
region, and data have been accumulated since October of that year on 
a basis of catch per unit of gear. A general review of her trolling 
operation^; is now in course of preparation and, though it is not 
possible to give here a summary of the quantitative results as in the 
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case of the New South Wales coast (see p. 148), it may be stated 
definitely that, during the period of the surveys and over the areas 
covered, the Warreen had recorded generally higher catch per unit of 
gear figures in New South Wales waters than in Tasmanian. Further, 
in the Tasmanian region itself, the figures are higher for south-east 
Tasmania, around Cape Pillar, tiian they are for the Flinders Island 
region. 

(b) The commercial fishing results, — ^For this information we have 
as the only extant source the tuna trolling ventures of the ketch 
Weerutta, carried on since 1939 in south-east Tasmania. 

In 1939, the Weerutta started fishing for tuna on May 9 and 
discontinued on August 4. During these three months, the boat 
caught 6*7 tons of tuna, which at £25 per ton was valued at £168. 
In 1940, fishing was begun on February 26 and ended on August 2, when 
the tuna took off. In this period, of just over five months, the boat 
caught 7-37 tons of tuna, valued at £184. In 1942, the year following 
the tests, the Weerutta endeavoimed to resume tuna fishing at the 
start of the season, but the results were so disappointing that the 
venture was abandoned and her activities were diverted to other types 
of fishing. The tuna catch in all these years was almost entirely of 
southern bluefin. 


It is rather difficult to reduce the preceding catch figures to a 
uniform basis for direct comparison. The varying length of the 
season with a varying abundance of fish precludes the use of a direct 
pro rata comparison. It was decided, therefore, to take a four months’ 
period, covering the main part of the season, as a base. The figures 
for 1940 were reduced by eliminftjing the first and last half -months of 
the catches, whilst for 1939 an approximation of a four months’ catch 
was arrived at by building up the earlier part of the season by 
following the tiend of the catch curve. It was considered also that 
a fairer assessment of the real position in 1941 would be to take the 
four months’ period as covering the months February to May, instead 
of the official test period of March to July. 


The amended figures thus arrived at for a four months’ season are 
as follows: — 


Quantity caught 
Value 


1939. 
7*9 tons. 
£198. 


1940. 
6-7 tons. 
£168. 


1941. 
6-3 tons. 
£158. 


The three years’ catches, therefore, do not vary very widely, and, 
despite the cumulative experience of the Weerutta and the improve- 
ment of her working conditions, a decline is shown in catches as 
compared with 1939. This fall is partly explained by the biological 
work of the Warreen in these waters and ’the study of the Weerutta’s 
own catches during the period. 

This is not the place to give a detailed analysis of these data, which 
will be reported in full in due course. A brief summary will suffice, 
however, to indicate the nature of the fluctuations which have been 
met with durkig the period of study. 
ca290o/4e— 10 
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Fig. 1. — Operations of the ketch Weervda, 
Catch per day's absence — 

three-year-old fish, 

two-year-old fish. 
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Fig. 1 gives an analysis of the catdies of the Weerutta for each of 
the three seasons on a basis of catch per unit of effort, with the fish 
caught divided into size (age) groups. This shows the quite striking 
differences in the duration of the seasons as well as the differences in 
size or age composition. The season 1940 differs from 1939 and 1941 
in that two groups of tuna were present, whereas only one (the larger) 
occurred in the last-mentioned years. The group on which the fishery 
fimdamentally depends is the three-year-old group during the latter 
part of its growing season ; in 1940 it was reinforced by the two-year- 
old group.^ It will be seen also that the peak of the fishing season 
has progressively advanced during the three years, and in 1939 the 
whole of the catch was made in the months after the fish had taken 
off in 1941. As has previously been stated, the Weerutta was fishing 
from January 21, six weeks prior to the start of the official test. Her 
whole catch during the entire fishing period totalled 811 bluefin, the 
following being the monthly summaries: — 


Month, 

Monthly 

Totals, 

Per cent. 

Cumulative 

Totals. 

Per cent. 

January 

40 Bluefin 

4-9 

40 Bluefin 

4-Sh 

February 

167 Bluefin 

20-6 

207 Bluefin 

25 S 

March 

382 Bluefin 

47-1 

589 Bluefin 

72-6 

April 

185 Bluefin 

22-8 

774 Bluefin 

95-4 

May 

36 Bluefin 

4-4 

810 Bluefin 

99-8 

June 

1 Bluefin 

01 

811 Bluefin 

99-9 


Thus it will be seen that almost three-quarters of ll:e fish were taken 
before the end of March, and practically the whole by the end of 
April. However, even if the tests had begun on January 21 the tuna 
results would not have been materially different. The weekly average 
for the four months' period begipning on that date is only 0*36 ton 
or 29 per cent of the 1*25 tons which had been reckoned on. The 
weekly average for the entire season during which fishing had been 
conducted, namely, 23*4 weeks, was only 0*27 ton. 

An important cause of the weight variations in the total catch is 
not brought out in Fig. 1. This concerns the differences in the average 
weight of the size-groups from year to year. One of the striking 
features of the tuna work in 1940 was the demonstration that the 
two-year-old fish had suffered a serious retardation in growth rale 
during the growing period of 1939-40, though they entered the fishery 
at the usual size of this group. This meant that instead of the 
three-year-old fish averaging about 25i lb. per fish during the autumn 
fishery in Tasmania (i.e., at the end of their growing season), as they 
did in 1939, the fish caught by the Weerutta in 1941 averaged only 
18i lb. Had the three-year-old fish weighed as much as they did in 
1939, the Weerutta^s catch of bluefin during the test would have 
weighed 6*9 tons instead of 4*9 tons, and the total earnings of the 
boat would have been £173 instead of the £123 she actually did earn 
from bluefin tuna by her- own fishing efforts. The year 1940 was 
inferior to 1939 because the larger three-year-old group was not so 
abundant, thus depressing the average weight of individual fish caught. 

♦See Serventy (1941).--The Australian Tunas. Coun. Sci. Ind. Res. 
(Aust.), Pamph. No. 104, p. 29, for a summary of the growth rates in the- 
southern bluefin and the movement of the various age groups. 
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In actual number^ of fldi landed by the WeenOta^ the foUowing 
are details of the three seasons under discussion (the total for 1941 is 
givoi, not merely for the test period) : — 


Yaw. 


SeaBon. 

Two-year-old. 

Three-year-old. 

Total. 

At. Wt. per Fish 

1939 

3 

months 

'0 

687 

687 

25| lb. 

1940 

5 

}» 

710 

308 

1,018 

16i lb. 

1941 

5 

ft 

0 

811 

811 

18ilb. 


On a four months’ basis, reducing the figures in the nuuiner 
previously stated, the numbers of three-year-old bluefin caught by the 
Weerutta are as follows: — 


1939 . . . . 689 individuals. 

1940 . . . . 294 individuals. 

1941 . . , . 770 individuals. 

(c) Concluaion. — ^The available evidence shows that trolling for 
tuna in Tasmania by present methods is not a commercial proposition 
taken on its own, but it may be important as an adjunct to other 
types of fishing, particularly in “good” tuna years. Whether the 
present low catches are capable of increase by changes in the technique 
of trolling, greater experience, &c., of the fishermen are matters for 
the future. It is evident, however, and this aspect is further 
elaborated later in the New South Wales section of this report, that 
sharp fluctuations occur in the character of the bluefin stocks, and 
these .must be seriously reckoned with in any local fishery. Some of 
the factors may cancel each other out in any one year, but their 
existence is a warning that the returns for the same amount of effort 
may vary sharply in different years. 

(ii) Striped Tuna (Katsuwonus pelamis). 

The season under review was a good one for striped tuna, 
according to the experience of the Warreen. Very extensive shoals 
were met with over long periods. Because on an average only about 
one fish in ten which was hooked by the vessel was act ually lanHarf 
(owing to the weakness of the jaws) trolling is too wasteful, at least 
when employing the present methods and technique, to warrant a 
continuance of commercial trolling for this species. There are, 
however, decided prospects for live-bait fishing. 

(iii) Albacore (Thunnus germo). 

All the experience of the Division suggests that this is a compara- 
tively scarce species in inshore waters where present-day trolling 
operations eu-e conducted. In 1938 they appeared to.be more plentiful 
than in subsequent years. However, it may be ruled out of 
consideration for trolling ventures as now conducted. 

3. The New South Wales Test. 

I. General. 

The extension of the guaranteed commercial tests to New South 
Wales was done on the recommendation of the Fisheries Advisory 
Committee of the C.S.I.R. at its meeting on June 12, 1941, and 
concurred, in by Mr. Fowler. One of the Tasmanian boats, the 
Weerutta, was engaged on similar terms to those of the preceding 
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test. The period chosen from mid-August to the end of. November, 
1941, covered the main part of the southern bluefin season in New 
South Wales. A summary of the vessel’s performance is as follows: — 

Days. Per cent. 

Actual fishing days . . . . 63 67 

Weatherbound . . . . 21 22 

In port . . . . 10 11 

94 days = 13 • 4 weeks. 

All these 63 fishing days were devoted to tuna fishing (there were 
exactly the same number of tima-fishing days in the Tasmanian 
test). 

The fish caught were as follows: — 

Kind of Fish. Number. Weight (in tons). 

Southern bluefin . . 1,042 7 • 845 

Striped tuna . . 2 0-004 

Albacore .. 18 ' 0-095 

Bonito .. .. 193 0-462 

Total weight of tuna . . 8-406 

Kingfish (Seriola) .. 25 0-124 

Total weight of trolled fish . . 8-530 

The total weight credited to the vessel at the cannery was 
7-583 tons of tuna and 0-124 ton of kingfish. All were paid for on 
the basis of £25 per ton, namely, a total of £192 13s. 9d. The 
discrepancy of 0-823 ton is due partly to the loss of some bluefin 
whilst crossing the bar at Narooma, and the rejection by the cannery 
of approximately 928 lb. of bonito. In the calculations concerning 
tuna productivity, the economics of which follow, cognizance is taken 
of the whole original catch and not of the net ceumery figures. 


ii. Ecoooniics. 

The following is an analysis of working expenses and earnings 
during the test: — 


Gross earnings (from tuna only) 
Expenditure — £ 


Fuel oil 
Lubricating oil 
Ice (12 tons 8 cwt.) 
New fishing gear 
Total expenditure 


49 14 
7.15 
36 17 
7 12 


101 19 10 


Net return for boat (for 13-4 weeks) 
Return to boat per week . . 


108 3 2 
8 15 
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iih The Tuna Catches. 

The catch of southern bluefln during the period averaged 0*585 ton 
per week, compared with 0-29 ton by the same vessel in the earlier 
Tasmanian test. The average catch per fishing day was 278*9 lb. 
in N.S.W. and 177*9 lb. in Tasmania, a ratio of 1*6 : 1. For total 
tuna, the average weekly catch in N.S.W. was 0*627 ton, Bluefin, as 
has been pointed out, was virtually the only species caught in 
Tasmania by the Weerutta. 

The following taWe shows the frequency with which various daily 
catches were made by the Weerutta, both in New South Wales and . 
Tasmanian tests: — 


No. of Bluefin Caught 

Number of Days. 

per Day. 

N.S.W. 

Tasmania. 

No fish 

.. 19 

26 

1-10 

.. 26 

18 

11- 20 

5 

8 

21- 30 

3 

5 

31- 40 

0 

3 

41- 50 

.. 3 

1 

51- 60 

0 

0 

61- 70 

1 

2 

71- 80 

3 

0 

81- 90 

0 

0 

91-100 

.. 1 

0 

101-110 

0 

0 

111-120 

.. 0 

0 

121-130 

1 

0 

131 -140 

0 

0 

141-150 

1 

0 

iv. Interpretation of the Test. 

63 

63 


Though no commercial trolling of any moment similar to that of 
the Weerutta in Tasmania has been conducted in New South Wales, 
the surveys of the Warreen lend themselves better to analysis than 
those further south. The significance of the test and its value in 
assessing the productivity of bluefin in New South Wales can be 
discussed on somewhat different lines, therefore, from those employed 
in the Tasmanian tests. 

The following paragraphs, extracted from the report of the 22nd 
cruise of the Warreen, give an indication of the characteristics 
of the season: — ‘‘According to the catch per unit of gear figures of 
the Warreen, the present season (1941) is a very poor one, and is only 
about half as good as the peak season of 1939. The predominant 
age>group, the third-year fish, averaged about 17 lb. (i.e., at the 
beginning of the growing season) and was thus normal in size, 
con^pgjfed with last year. Striking features of this year’s age- 
4 ;iqige^sition of the bluefin stocks were the dearth of large four-year-old 
, IHbl, and also of the small two-year-old class. This was the case last 
as A^ell. Another noteworthy feature was that this year the 
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bhiefin did not penetrate much further north than the Montague 
Island region, whereas in 1939 they reached Sydney. For the first 
time since the Division’s investigations began there was no tuna 
fishing at Jervis bay.” 

The use of the standard trolling gear by the Warreen on the New 
South Wales coast during 1938, 1939, 1940, and 1941, when it was 
operated in a fairly consistent manner throughout, enables the 
computation of index numbers for each season to give a numerical 
expression of the varying abundance of the bluefin. 

As the average weight of the fish caught varies widely each season, 
for commercial purposes the numerical index must be weighted to 
take account of this factor. 

By themselves, of course, the index numbers obtained by the 
Warreen cannot be directly applied commercially except insofar as 
they reveal the fiuctuation which exists from year to year. In the 
season of the test, however, by utilizing the data obtained from the 
operation of the Weerutta, the catches of the two vessels could be 
linked. By interpolation the index numbers of the Warreen tor the 
earlier years can then be given a direct commercial interpretation. 

In the following table the column commercial index ” refers to 
the numerical index as weighted to take account of the average weight 
of the fish for the season. The commercial values are computed from 
the Weerutta^s gross earnings for the test season, reckoned at £25 per 
ton. The year 1939 was selected as the base year, with the index 
at 100:— 


Year. 

Numerical 

Index. 

Mean Wt. of 
All Fish. 

i 

Commercial 
, ..«Index. 

Av. Expected Catch 
per Week. 


At. Tons. 

Av. Value. 

1938 

45 

lb 

10-27 

29 

0 414 

£10 7 

0 

1939 

100 

16-16 

100 

1-427 

35 13 

6 

1940 

81 

12-39 

62 

0 885 

22 2 

6 

1941 

42 

1 

15-76 

41 

0-585 

14 12 

6 


It will be seen that the season 1939 was by far the best of the four 
which had been investigated, and it may be fairly said that of these 
four seasons only one, that of 1939, offered a reasonably attractive 
return to troll fishermen. 

The Warreen passed out of the control of the C.S.I.R. to the Royal 
Australian Navy in 1942, and no effective means remaiijed of checking 
on the tuna stocks. From the experience of fishermen and other 
evidence, however, it was clear that the 1942 season was a very poor 
one. The 1943 season showed a pronounced recovery, and southern 
bluefin was abundant during the last part of the season. Such 
evidence as was available indicated that the 1944 and 1945 seasons 
were also better than the test season of 1941. 
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The results show that, wltii the methods used, trolling for southom 
bluefln on the New Soutii Wales coast can only be regarded as a 
border-line fishery, suited to the operations of small boats with low 
overhead costs. Ihe matter is entirely one of economics, however, 
and were the Californian scale of prices ruling a much brighter 
positioii would be shown. On Californian standards, the southern 
bluefln is under-valued locally, and in the following table the computed 
values of the. New South Wales catch are compared with equivalent 
Californian figures (at £32 per ton, vide “The Australian Tunas,” 
C.S.I.R. Pamphlet 104, p. 11) : — 



Average Return per Week (Bluefln only). 

Year. 

@ Ruling N.8.W. Rates. 

@ CaUfornian Rates. 

1938 

£10 7 0 

£13 4 11 

1939 

35 13 6 

45 13 3 

1940 

22 2 6 

28 « 5 

1941 

14 12 6 

18 14 6 

Average Weekly 
return for 
tbe season 
<Aug-Nov.) 

20 13 11 

26 9 9 


As an approximate check on the validity of the method of assess- 
ment, it is of interest to compare the tuna production figures for the 
Merimbula district kept by Mr. W. L. Packenham, the local fishery 
inspector, since 1937. Unfortunately, no similar data are available 
for other districts. 

The amount of bluefln caught is as follows: — 

Year — 

1937. 1938. 1939. 1940. 1941. 

Boxes 148 4 542 38 125 

Prior to 1940 only the Melbomme bait market was available to 
these fishermen. In 1940 the Eden cannery came into the market for 
tuna, and could be regarded as providing an added stimulus to tuna 
Ashing. In 1941 the Narooma cannery entered into general production 
and was prepared to take all the tuna offering. The figures clearly 
show that 1939 was an • outstanding year, but they probably 
exaggerate its superiority over other years, as in the good year when 
fish are plentiful everybody is out after them. In poor years the tuna 
are mostly left alone and effort is concentrated on other species. 

Some further remarks may be made on the index figures. The 
yews 1938 and 1941 were incompletely sampled as compared with the 
other seasons, but are comparable with each other. The low average 
weight of fish in 1938 is due to the predominance in that year of the 
smallest size-grqpp of tuna, though it is likely the average would have 
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been raised slightly had the earlier part of the season been better 
sampled. In 1941 there was a noteworthy scarcity of these small fish. 
The index numbers themselves should be regarded as approximate; 
they were prepared on a system which took account of the shrinking 
of the tuna area as the season advanced, and this required some 
arbitrary adjustment of the figures. However, each year was treated 
in a comparable manner and, therefore, their relative values may be 
accepted as approximating reasonably near to the real situation. Fuller 
details will be given when the trolling results of the Warreen during 
her surveys in south-eastern Australia are published. 

Appendix. 

Weather Conditions — ^Tasmanian Area. 

The Director of Meteorological Services (Group-Captain H. N. 
Warren) has provided the following data on the weather conditions 
in the area under test: — 

It has not been possible to arrive at more than a very general 
estimate of how wind and sea conditions varied from normal in the 
period March 1 to June 30, 1941. Statistical records of wind and sea 
conditions have not been tabulated in the past. 

From an inspection of mean and normal pressure gradient maps, 
which show differences in air pressure between various stations on 
which wind force depends, the following notes have been prepared, 
which give a general indication of the characteristics of these 
months: — 

March: Flinders Island Area. — The pressure gradient indicated 
winds above average strength or frequency from a westerly 
direction. A period of ^efltceptionally low pressure was 
experienced from March 20-28. 

East Coast of Tasmania. — Ditto — but winds more from 
south-west or south than normally. 

April: Flinders Island Area. — ^Winds rather above the average, 
easterly tendency, but on the whole a quieter month than 
normally. 

East Coast of Tasmania. — Average or slightly over 
average winds, with a south-west or southerly tendency. 

May: Flinders Island Area. — ^The gradient indicated rather 
higher wind strength than normal from west or south-west, 
or a higher frequency of winds from this direction. 

East Coast of Tasmania. — ^Ditto — though Tasman Island 
report showed a prevalence of north-westerlies, strength 
would be considerably higher than normal. 

June: Flinders Island Area. — ^Somewhat stronger winds than 
normal from west. , 

East Coast of Tasmania. — Under average Witod strength 
from west or south-west. 

The state of sea would naturally correspond to strength of the 
wind and whether the latter were onshore or offshore. The normal 
gradient is for west or south-west winds over this area.” 
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Summary . — The general trend indicated by the pressure charts 
during the period covered by the inquiry could be stated as somewhat 
rougher conditions than normal, but not markedly abnormal. 

Weather Conditions— New Sooth Wales Area. 

The Director of Meteorological Services has supplied the following 
data on weather conditions in the area under test: — 

*' I regret that very little information is available concerning wind 
and sea conditions compared with normal between Tuross Inlet and 
Cape Howe during the period August to November inclusive, 1941. 

We have an anemometer at Moruya Heads, and mean daily wind 
speeds for each of the four months were as follows: — 

August — 7-8 m.p.h. (0*7 m.p.h. below the average). 

September — ^9-2 m.p.h. (0-2 m.p.h. above the average). 

October — 9-8 m.p.h. (0-7 m.p.h. above the average). 

November — 8-2 m.p.h. (22 days) (0-9 m.p.h. below the average). 

Wind directions at Moruya were: — 

August. — ^Mainly S. to S.W., strong on 2 days. 

September. — ^Mainly S.W. in the morning, N.W. or N.E. in the 
afternoon, strong on 4 days. 

October. — Mainly S.E. to S.W. in the morning and E. to S. in the 
afternoon, but a fair percentage of N.E., strong on 5 days. 

November. — ^Mainly N.E. to S.E., strong on 3 days. 

At Gabo Island winds were as follows: — 

August. — ^Majority W. to S.W., strong to gales on 9 days. 

September. — Majority N.W. to S.W., strong on 4 days. 

October. — ^Mainly W. to S.W., strong or gales on 15 days. 

November. — ^Mainly W. to S.W., strong on 11 days. 

On the whole the season appears to have been about an average 
one. Mean pressure was above the average in August and November, 
and below the average in September and October." 
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NOTES 


The Utilization of Qerman Technologists and Scientists in Australia 

The Minister for Post-War Reconstruction (Hon. John J. Dedman) 
has announced that a scheme, appertaining to reparations, has been 
approved by Federal Cabinet, which should be of interest to Aus- 
tralian industrialists and research institutions. Under this scheme it 
is proposed to bring into Australia, under certain safeguards, scientists 
and technologists from Germany. The Australian scheme will be 
similar to the plans adopted by the United Kingdom, U.S.A., and 
France, which are already operating for the acquisition of further 
knowledge of the latest scientific developments that have taken place 
in Germany. 

Technical experts who are required, and who volunteer to come 
to Australia, will, if politically acceptable, enter Australia for a 
definite period under contract to the Commonwealth Government. 
They will be subject to supervision and will have the normal social 
service and taxation responsibilities of residents. In all cases, these 
skilled men will be employed only if no Australian, or United Kingdom 
citizen who is available to migrate here, has the necessary skill and 
knowledge for that particular sphere of endeavour. 

With the introduction of these proposals it is hoped that new 
industries may be developed here and that existing ones will benefit 
appreciably from the overseas experience that will be made available 
to them. For example, in some branches of pure research, metallurgy, 
electronics, utilization of brown coal, the chemical industry, the 
production of aluminium, German knowledge far outstrips our own, 
and Australian industry is now in^-^he position to acquire valuable 
working information from outstanding German specialists. The 
services of specialists brought out under Commonwealth Government 
sponsorship will be available to State authorities and interested private 
firms who apply for these men. 

A Committee which has been set up will consider the requirements 
of Australia, the qualifications of all German specialists for whom 
application is made or who may apply, and will advise the Secondary 
Industries Division of the Department of Post-War Reconstruction — 
which will be the administrative authority in Australia — as to the 
suitability of suggested scientists and technologists. This Committee 
is broadly constituted, having a representative each from the 
Associated Chamber of Manufactures, Combined Australian Uni- 
versities, the Commonwealth Office of Education, the Council for 
Scientific and Industrial Research, the Australian Council of Trade 
Unions, the Department of Immigration, and the Secondary Industries 
Division. 

The Secondary Industries Division will twelcome any inquiries from 
Australian firms for suitable personnel where it is believed that the 
introduction of such men could make a contribution to the develop- 
ment of Australian secondary industries. The Commonwealth 
Government is anxious to make such specialized knowledge available 
to those who can best use it and so derive the maximum benefit for 
Australia. 



Catalogue of Scleutifle aad Tecbokal Periodicals, New Edition 

The following list is suppl^entary to those publiriied in previous 
issues. Libraries possessing items with which &ey are not credited 
are requested to forward missing entries showing holdings, to Mr. 
E. R. Pitt, care of C.SXR. Information Service, 425 St. Kilda-road, 
Melbourne, S.C.2, for inclusion in the Catalogue. As full information 
as possible is given, and bibliographical accuracy cannot be guaranteed. 
Later particulars are given of a few periodicals included in former 
lists. 

New SaBNTiFic and Technical Periodicals. 

Aero review. Rochester, N,Y. V.l, No. l = Feb., 1946. Monthly. 25c., 
^• 00 . 

Agricultural chemicals. New York. Monthly. 

American aquarist. V.l, No. 1 = Feb., 1946. Monthly. 25c., $2 *50. 

American journal of medicine. New York. V.l, No. l = July, 1946. 
Monthly. $10 *00. 

American medical women’s association. Journal. Nashville. V.l, No. 
1 = Apr., 1946. Monthly. 35c., $3*00. 

Atom. Denver, Col. V.l, No. l = Fall, 1945. Qiiarterly. 25c., $1*00. 

Atomic age. Sea aiff, N.Y. V.l, No. l = Jan., 1946. $1-00. [Changed 

to $2 ‘00 with V.l, No. 3, Mar., 1946.] 

Atomic engineering. New York. V.l, No. 1 = Sept., 1945. Irreg. 25c. per 
copy (processed). 

Atomic information. (National committee on atomic information.) 
Washington, D.C. Monthly. 

Atomic scientists of Chicago. Bulletin of the atomic scientists. Semi- 
monthly. (N.CSIR:SR; V.CSIR:HO.) 

Ceramic association of New York. Monthly news letter. Albany, New 
York. Monthly. 

Coal technology. New York. V.l, No. 1 — Feb., 1946. Bi-monthly. $1*50, 
$ 6 - 00 . 

Cprrosion and material protection. Pittsburgh, Pa. Monthly. 

Diesel journal. Jersey City, N.J. V.l, No. 1 = Jan., 1946. Monthly. 
35c., $3 * 00. 

Duodecimal bulletin. (Duodecimal society of America.) Staten Island, 
N.Y. Irreg. 

Engineer and foundryman. Johannesburg. Monthly. 

Fonderie. (Association technique de fonderie.) Paris. Monthly. 

Food freezing. New York. V.l, No. l = Nov., 1945. Monthly. 35c., $4*00. 

Frozen food industry and locker plant journal. New York. V.l, No. 

1 = Nov., 1945. Monthly. 50c., $3 ‘00. 

Frozen food merchandising. New York. V.l, No. 1 — Mar., 1946. Monthly. 
$3‘00. a 

Fur and feather magazine. (National fur and feather association.) Sliema, 
Malta. Quarterly. 

Geriatrics. Minneapolis, Minn. V.l, No. l = Jan.-Feb., 1946. Bi-monthly. 
50c., $3 • 00. 

Industrial diamond review. London. Monthly. 

Journal of the history of medicine and allied sciences. New York. V.l, 
No. l=:Jan., 1946. Quarterly. $2‘50, $7-50. (N.SPH.) 

Lubrication engineering. Chicago. V.1, No. l = June, 1945. Quarterly. 
75c., $3-00. 

Mining and gietallurgical society of America. News letter. 

Navigation. (Institute of navigation.) L»os Angeles, Cal. Quarterly. 
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Occupfitional medicine. Chicago. V.l, No. 1 = Jan., 1946. $6*00. (N.PHD, 
SPH.) 

Overseas watchmaker, jeweller and silversmith. London. Bimonthly. 

Petroleum news notes. (American petroleum institute.) New York. 
Monthly, 

Photographic age. New York. V.l, No. l = July, 1946. Monthly, $4 00. 

Plastics trends. (Plastics industries technical institute. Research division,) 
Los Angeles, Cal, Monthly, 

Quarterly review of urology. Washington, D,C, V.l, No. 1 == Mar., 1946. 
Quarterly, $9-00. 

Radio maintenance. New York. Monthly, 

Refrigeration abstracts. New York. V.l, No. 1 = Jan., 1946. Quarterly 
$1-50, $7-00. (V.EIC.) 

Reinforced concrete review. (Reinforced concrete association.) London. 
Semi-annual, 

Science illustrated. New York. V.l, No. l = Apr., 1946. Monthly, $3*00. 
Sight. Pittsburgh, Pa, V.l, No. l = Apr., 1946. Monthly, 10c., $1*00. 
Southern refrigeration journal. Memphis, Tenn, Monthly, 

Telectronic news. (Television film industries corp ) New York. Monthly, 
Television showman. New York. Bi-weekly, 


Reviews 

“The Use of Heterosis in the Production op Aoricjultural and 
Horticultural Crops/’ by T. Ashton. 

(Imperial Bureau of Plant Breeding and Genetics, 1946, pp. 30 Price 3s. 
(stg.). Obtainable from the Imperial Agricultural Bureaux, Agricultural 
Research Building, Penglais, Aberystwyth, Wales.) 

This bulletin brings together summaries of a large number of papers 
which have a bearing on the possibilities of commercial exploitation 
of hybrid vigour in agricultural and horticultural crops. There are 
four main sections to the bulletin dealing, respectively, with heterosis 
in self-pollinated, cross-pollinated, and asexually propagated plants 
and in forest trees. Within these four sections each crop is treated 
individually. In the case of maize, only papers on certain fundamental 
problems are included. 

There is an increasing indication that the systematic use of 
heterosis in commercial crop production offers important possibilities 
in other crops besides maize, where hybrid production is now an 
established and well-known practice in the United States. Though 
the cross-pollinated species are the most promising, the self -pollinated 
also appear to offer definite prospects, especially those in which a 
large number of seeds is produced from a single flower, hybridization 
is a relatively easy process, and the plants are widely spaced in 
cultivation. These include tobacco, tomato, and egg plant. The value 
of heterosis is more limited in the case of the normally self-fertilized 
plants in which one flower produces only one seed and artificial 
hybridization is a difficult operation, as in the case of wheat, oats, 
barley, sorghum, and rice. 

The bulletin concludes with a useful bibliography of 234 references. 

W.L 
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TO Pbospbctdrs ako Owners of Treatment Plants/’ 
edited. by H. A. Corbet. 

(Issued by the Royal Mint, Perth, Western Australia, 1946, pp. 80. Price Is. 
Obtainable from Government Printer, Perth, Mining Registrars throughout 
W.A, and other sources.) 

This publication was brought out by the Royal Mint, Perth, for 
the benefit of men in Isolated mining ventures. It includes useful 
hints on prospecting, dry blowing, miners’ rights and regulations, 
geology, batteries and cyaniding, preparation of samples for assaying, 
use of explosives, first aid and health; reference is also made to 
prospecting for other economic minerals. For this reason, while 
details relate more specifically to the Western Australian goldfields, 
the booklet has a much wider appeal to all those who propose 
prospecting or are engaged in the goldmining industry in remote 
regions where limited facilities and difficult conditions pertain. 

The practical value of the booklet may be gauged from the fact 
that it has now reached the 9th edition, this issue following closely 
on the 8th edition which appeared only early this year. 


Fopthcofniflg Publications of the Council. 

At the present time, the following future publications of the 
Council are in the press: — 

Bulletin No, 200. — “ Preparation of Core Ingredients for Search- 
light Carbons,” by T. R. Scott, M.Sc., B.Ed. 

Bulletin No, 201. — ” Grazing Management: Continuous and 
Rotational Grazing by Merino Sheep. 1. Study of the Production of 
a Sown Pasture in the Australian Capital Territory under Three 
Systems of Grazing Management,” by R. M. Moore, B.Sc.Agr., Nancy 
Barrie, B.Sc.Agr., and E. H. Kipps, B.Sc. Appendix, ” The Measure- 
ment* of Pasture Yield under Grazing,” by G. A. McIntyre, B.Sc. 
” 2. The Effect of Continuous and Rotational Grazing on the 
Infestation of Sheep with Internal Parasites,” by H. McL. Gordon, 
B.V.Sc., auid Helen Newton Turner, B.Arch. ” 3. Note on Pasture 
Management,” by J. Griffiths Davies, B.Sc., Ph.D. 

Bulletin No, 202. — ” The Strain Complex and Symptom Variability 
of Tomato Spotted Wilt Virus,” by D. O. Norris, M.Sc. (Agric.). 

Bulletin No. 203. — ” Agar in Australia,” by E. J. Ferguson Wood, 
B.A., M.Sc. 

Bulletin No. 204. — ” A Soil Survey of Part of Waterhouse Estate, 
County of Dorset, North-East Coast, Tasmania,” by G. D. Hubble, 
B.Agr.Sc. 

Bulletin No. 205. — ” Studies on the Breeding Performance of 
Ewes,” by R* B. Kelley, D.V.Sc. 

Bulletin No, 206. — ” Pedogenesis Following the Dissection of 
Lateritic Regions in Southern Australia,” by C. G. Stephens, M.Sc. 

Bulletin No, 207. — '‘The Fumigation of Wheat in Bag Stacks,” 
by Frank Wilson and F. J. Gay, B.Sc., D.I.C, 

No. 208.-^” Surface Fumigation of Insect Infestations in 
depots,” by Frank Wilson and A. T. Mills. 
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BfiUetin No. 209. — ‘‘Interaction of Surface Infestation, Tempera- 
ture, and Moisture Content in 3ulk-Depot Wheat,” by Frank Wilson. 

Bulletin No. 210. — “ Preliminary Survey of the Natural Pastures 
of the New England District of New South Wales, and a General 
Discussion of Their Problems,” by R. Roe, B.Sc. (Agric.). 

Bulletin No. 211. — The Water Retting of Flax,” by W. L. Green- 
hill, M.E., Dip.Sc., and Jean F. Couchman, B.Sc. 

Bulletin No. 212. — “The Frictional Properties of Lead-Base and 
Tin-Base Bearing Alloys: The Role of the Matrix and the Hard 
Particles,” by D. Tabor, Ph.D. 

Bulletin No. 213. — “ Laboratory and Field Tests of Mosquito 
Repellents,” by R. N. McCulloch, B.Sc., B.Sc.Agr., and D. F. Water- 
house, M.&. 

Bulletin No. 214. — “ The Preparation and Properties of S 5 aithetic 
Cryolite,” by P. Dixon, M.Sc., and T. R. Scott, M.Sc. 

Bulletin No. 215. — “ Studies in the Biology of the Skin and Fleece 
of Sheep. 4. The Hair Follicle Group and its Topographical 
Variations in the Skin of the Merino Foetus,” by H. B. Carter, B.V.Sc., 
and Margaret H. Hardy, M.Sc. 

Bulletin No. 216. — “ An Examination of the Peet-Grady Method 
for the Evaluation of Household Fly Sprays,” by D. F. Waterhouse, 
M.Sc. 

Bulletin No. 217, — “ The Relative Importance of Live Sheep and of 
Carrion as Breeding Grounds for the Australian Sheep Blowfly Lucilia 
cuprina/’ by D. F. Waterhouse, M.Sc. 

Bulletin No. 218. — “ Studies of the Physiology and Toxicology of 
Blowflies. 12. The Toxicity of DD'T'as a Contact and Stomach Poison 
for Larvae of Lucilia cuprina: 13. Insectary Tests of Repellents for 
the Australian Sheep Blowfly,” by D. F. Waterhouse, M.Sc. 

Bulletin No. 219. — “ Spray Tests against Adult Mosquitoes. 1. 
Laboratory Spray Tests with Culicine (Culex fatigans) Adults,” by 
D. F. Waterhouse, M.Sc. “ 2. Spray Tests with Anopheline {Anopheles 
punctulatus farauti) Adults,” by D. F. Waterhouse, M.Sc., and D. O. 
Atherton, M.Sc.Agr. 

Bulletin No. 220. — “ The Preparation and Use of Harvey’s Reduced 
Strychnine Reagent in Oceanographical Chemistry,” by D. Rochford, 
B.Sc. 

Bulletin No. 221. — “ Contributions to the Study of the Cell Wall. 
4. The Nature of Inter-Cellular Adhesion in Delignifled Tissue. 5. The 
Occurrence, Structure, and Properties of Certain Cell Wall 
Deformations,” by A. B. Wardrop, M.Sc., and H. E. Dadswell, D.Sc. 

Bulletin No. 222. — “ The Chaetognatha of South-Eastern Aus- 
tralia,” by J. M. Thomson, M.Sc. 

Bulletin No. 223. — “ Report of Marine Borer Survey in New 
Guinea Waters,” by A. W. Shillinglaw, B.Sc., Dip.For., and D. D, 
Moore, B.Sc., A.S.T.C. 

Bulletin No. 224. — “ Mechanical Composition of Soil in Relation to 
Field Descriptions of Texture,” by T. J. Marshall, M.Agr.Sc., Ph.D. 



BvHetin No, 225. — " Studies dn the Control of Wheat Insects hy 
Dusts. 1. Field Tests of Various Mineral Dusts against (%ain 
Weevils,” by F. J. Gay,. B.Sc., DJ.C., F. N. Ratdiffe, B.A., and R. N. 
MoCuUodi, B.Sc.t BBc.Agr. ”2. Further Tests of Various Mineral 
Dusts for the Control of Grain Pests,” by F. J. Gay, B.Sc., DJ.G. 
” 3. Ihe Use of Dust Barriers for the Control of Grain Insects,” by 
F. J. Gay, B.Sc., D.LC. ” 4. Ihe Use of DDT- and 666- impregnated 
Dusts for the Control of Grain Pests,” by F. J. Gay, B.Sc., D.I.C. 

"The Commercial Timbers of Australia — Their Properties and 
Uses,” by I. H. Boas, M.Sc. 

” Handbook of Australian Pelagic Tunicates,” by Harold Thompson, 
M.A., D.Sc. 


J. J. Goitbley, Government Printer, ICelboume. 
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A Note on Background Correction in Spectrochemical 

Analysis 

By A. C. Oertd, M Sc* 


Summary. 

The density — ^log relative exposure curves, as obtained with a rotating 
stepped sector wedge and a Process plate, have the same general shape and 
the same gamma for monochromatic (line) radiation and continuous 
radiation (at the same wavelength) at least up to a density of 0*85 How- 
ever, the curve for line plus background has a different shape and gamma 
at high densities from those of the curve for line alone. It is suggested that 
the differences are caused by a distortion of the relative exposure scale, 
the distortion being due to the fact that the background radiation is 
photographically effective only in the steps of large aperture. A method of 
approximate correction is given 


t- Ij^oduction 

Agricultural samples are usually excited spectrochemically in the 
carbon or graphite arc, each of which emits a strong background 
of continuous radiation. In some parts of the spectrogram the lines 
of interest are so faint and the background is so intense that the lines 
can be detected visually only imder favourable conditions of illumina- 
tion of the spectrogram. For quantitive work it must be practicable 
to make a reliable measurement of the density of the faint line itself 
despite the much greater density of the background. The development 
of a spectrochemical technique for the accurate estimation of elements 
present at very low concentrations in agricultural samples involves the 
discovery of a simple and accurate method for correcting an apparent 
line density for the effect of the superposed background density. 

A correction for background cannot generally be made by sub- 
tracting the density of the background from the density of line plus 
background, tbe two me^urable quantities. Strock (3) found 
that the density of a line, as calculated by subtraction of the two 
measurable densities, increases more cmd more slowly and finally 
decreases as the exposure is increased (see curve D in Fig. ly. *As 
Strock pointed out, the effect is due to the difference in the slopes 
of the density — ^log relative exposure curves for background alone and 
line plus background, although in tins case illustrated by him the curve 
lor the former has a smaller slope 'than the lower part, but a greater 


*An oAcer of the Dividon of Scdls. 





l4(^1^lMittiieiQiparpait,ofthecittrvef«rtte Strock also found 

(4) Idiat ttM slope of a density— rdative exposure curve derived 
a narrow line was as mud^ as l-S times greater than that of 
tlta curve derived from a continuous spectrum, and he showed that the 
^dllerence could be explained as a ccmsequence of the Eberhard effect 
On tile other hand Pierce and Nachtrieb (1), using Process plates, 
found that the curves for monodiromatic and continuous radiation 
had the same gamma, and that there was no evidence of the Eb«:hard 
effect They suggested that the results obtained by Strode may have 
beoi caused by the use of sensitized plates. Scott (2) apparently made 
no tests on the slopes of density-exposure curves for diffm^t radia- 
tions. His theoretical deduction of the basis for a method of back- 
ground correction was based on the assumption that the slopes of 
curves for monochromatic and continuous radiations are the same, and 
an experimental test of the method showed that the assumption cannot 
be greatly in error. 


2. Results and Discussion 

The results obtained here show that (o) the density — log relative 
exposure curves are the same for monochromatic and continuous radia- 
tion at the same wavelength, at least up to density 0-85; (&) the curve 
for line plus background is different from that for line alone; and (c) 
the curve for line alone, obtained by subtracting background densities 
foom line plus background densities, has a part in which increasing 
exposure apparently results in decreasing density. All spectra, line 
and continuous, were stepped by a rotating stepp^ sector wedge and 
photographed on Process plates. The curves plotted in Figs. 1 are 
not true H. & D. curves because intermittency effects and effects of 
failure of the reciprocity law are known to be present (the speed of 
rotation of the sector wedge was constant and about 750 r.p.m.). The 
curves are, however, those which are actually used in analytical work, 
and an accurately reproducible. 

Spectrograms obtained included — 

(i) Line spectrograms, practically free from background, from 

a brass arc as recommended by Pierce and Nachtrieb (1). 

(ii) Continuous spectrograms from a graphite arc. 

(iii) Spectrograms of type (i) superposed on spectrograms of 

type (ii). 

(iv) Spectrograms of type (ii) superposed on spectrograms of 

type (i). 

(v) Line plus background spectrograms from an arc between 

graphite electrodes which had been thoroughly impreg- 
nated with a solution of brass in nitric acid and then dried 
at red-heat. 

The density — log relative exposure curves for line plus backgroimd 
w^ obtained from spectrograms of types (Hi), (iv), and (v), all of 
which consisted of a stepped line spectrogram plus a stepped back- 
ground. All the curves were of the same general shape as curve B of 
Fig. 1. There was a small divergence at the upper ends of the curves 
caused by inaccuracy of measurement of high densities, by variations 
over the surface of a plate, and, it is suggested, by differences in density 
of badegrounds. • 
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The curve for the line .akme^ obtained from spectrograms of type 
(i) is shown as curve A of Fig. 1. The original curve was moved 
bodily along the exposure axis until the point at density 0*5 coincided 
with the corresponding point of curve B. Curves A and B coincided 
over the vdiole of their lower parts and diverged at high densities, the 
curve for line plus background having the greater slope. It seemed 
possible that the density — ^log relative exposure relationship for line 
plus background differed from that for line alone. 

All the background curves, from spectrograms of types (il), (ill), 
(iv), and (v), were the same (curve C of Fig. 1), and agreed with the 
initial part of that for line alone. Therefore under the conditions 
obtaining, the density — ^log relative exposure relationship is the same 
for monochromatic radiation and for continuous radiation of the same 
wavelength, at least up to a density of 0*85, the highest background 
density obtained. That agrees with the result of Pierce and Nachtrieb. 
It also makes it improbable that the divergence of curves A and B is a 
real one. 



Fig. 1. — ^Typical density — log relative exi)osure curves. 

A. Monochromatic (line) radiation free from background. 

B. Line plus background radiation. 

C. Continuous (background) radiation at same wavelength. 

D. Corrected curve obtained by subttacting background from 
line plus background densities. 


When the background deaislties were subtracted from the corres- 
ponding line plus background densities and the results plotted, 
density — ^log relative exposure curves were obtained, all of the same 
general dtape as that of curve D. That curve agrees with the result 



41 lAamk <8), «iai it is of inteMWt to nate ftwt curve B bas the ttxoe 

r 'sl ttope «t tliat of the correapondiDg curve obtained by Stroefc. 

feet tbet carve D her a pt^ in vtdilch increasing exposure 
HUfMireBlfy causes decreasing density makes It useless iot analytical 
jltilirposes. Nevertheless it agrees more closely with the curve for line 
akue tfian does the one for Hue plus background. A much closer 
agtesment can be obtained by subtracting not the density of the back- 
gjround but a fraction of that density, the fraction being the ratio of the 
shapes of the upper straight part of curve B and the straight part of 
curve C. Ihat fraction can often be obtained from the analytical 
spectrograms. 


In the search for an explanation of the divergence of curves A and 
B, it is of interest that almost identical curves were obtained for line 
plus background from iqiectrograms of types (ill), (iv), and (v). It 
apparently does not matter whether background and line spectrograms 
are recorded simultaneously or consecutively, at least so far as prac- 
ticaMe accuracy can distinguish. In the case of spectrograms of type 
<iii) the background radiation has been converted very inefficiently 
toto density for the steps of small exposure (see curve C), while for 
the st^s of greater exposure the conversion has been much more 
efficient and increasingly so. When the line spectrogram was super- 
posed the steps of greater exposure had a start more than pro- 
POTticHiatdy greater than that of the steps of small exposure. In 
other words the upper part of curve B was distorted with respect 
to the log relative exposure axis, the distortion increasing with 
increasing exposure. A similar explanation is satisfactory for curves 
derived from spectrograms of type (Iv) ; but it is somewhat artificial 
for those dodved from spectrograms of type (v) in which line and 
background are recorded simultaneously. 


The density-intensity method of background correction (1), which 
has a sound theoretical basis, will not give curve A from curves B 
and C (that is, from the upper and lower parts of curve B). If it 
is accepted that curve B is not a true but a distorted density — ^log 
relative exposure curve, that result is to be expected. The test of the 
validity of the density-intensity method applied by Pierce wd Nach- 
trieb was somewhat artificial in that a non-stepp^ background was 
superposed on a stepped line spectrogram. The imiform background 
produced very little distortion of the density — log relative exposure 
curve, the main effect being to shift the curve bodily parallel to the 
d«idty axis. In this work stepped backgrounds were used because 
sudi backgrounds are necessarily obtained with stepped line spectro- 
grams in analytical work. 


The nearest approach to curve A that coidd be obtained by the 
appUcation of the n^ffiods of background correction at present in use, 
theoretical or 4)> curve D. A closer approach 

was usvmJly the method suggested above, and if curve B 

1e a distortiflolleiSIjSiod has a good theoretical basis. However, the 
method l||H|atl entirely satisfactory one because the value of the 
itactiom^Ktnd cannot be readily or accuratdy ascertained, the 
straUHKarts of the curves oftat having apprectoble curvature. 
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The caae of a very faint line on a dense background is more 
difficult of solution because the faint line itself records on the lower 
part of the density — ^log relative exposure curve where the increase in 
density with increased exposure is small, density measurements are 
difficult to make accurate^, and the slope of the curve is changing 
rapidly. No simple method of correction has yet been found and 
fimther work is in progress. 
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Hie Influence of Cultivation on Soil Structure and Its 
Assessment in Soils of Variable Mechanical Composition 

By G. B. Clarh' BSc.* and T. J. Marshall. M.Agr.Sc.. Ph.D* 

Summary, 

The change in water-stable aggregation, resulting from increasing periods 
of cultivation of grassland, was measured for two types of soil using a 
wet^sieving and a suspension procedure. 

A significant decrease in aggregation was found in all cases. The major 
part of the decline which occurred over a period of up to twenty years 
took place in the first five years of cultivation. With respect to the initial 
levels of aggregation in the particular soils examined, the total decline in 
aggregation ranged from 42 to 69 per cento 

Regression equations relating aggregation and clay content were 
developed for sub-surface samples taken from the A-horizon below the 
depth of tillage. These equations were used as a basis for extracting the 
effect of mechanical composition from the aggregation data. The conditions 
are discussed under which this statistical device can be used for handling 
data from non-replicated plots where mechanical composition is variable. 
The use of multiple instead of linear regression equations, involving other 
fractions as wellM Hay, is also discussed. 

The results obtained for water-stable aggregation by the wet-sieving 
and suspension procedures were based on limiting diameters of 0*2 mm. 
and 0‘05 mm. respectively. The two methods gave parallel results with 
respect to the effects of clay content and cultivation upon aggregation. 

Cultivation was found to have decreased the nitrogen content of the 
surface soil of both types significantly. There was not a highly significant 
efiect below the depth of tillage. It is improbable that m these soils the 
decline in nitrogen content of the surface soil was the cause of the parallel 
decline in aggregation which resulted from cultivation. 

I. Introduction 

It is well established that cultivation reduces the water-stable 
aggregates originally present in uncultivated soil. Evidence for this 
is to be found in a number of comparisons made between cultivated 
soils with an extensive cropping history and soils under forest or 
grass. Usually a marked decline in water-stable aggregates has been 
demonstrated. 

Much work has been done on prairie soils where reductions of 
30, 27, 8 and 70 per cent, have been found by different workers 
(8, 4, 16, 3) in water-stable aggregates larger than 0*05 mm. The 
larger aggregates suffered even more severely from cultivation; 
aggregates larger than 0-5 mm. (4) were reduced by 87 per cent, and 
those larger than 0-1 mm. (3) by 75 per cent, in two different trials. A 
comparison (15) based on the surface area of aggregates has shown 
a similar decline of 85^ per cent. In forest soils the magnitude of 
the decline is perhaps somewhat less than in prairie soils. Water- 
stable aggregates larger than 0 *05 mm. declined by 40 and 20 per 
cent in two trials (3, 16) and those larger than 0*02 mm. by less 
tKftn 30 per cent, in most cases in a further investigation (1). As in 

-JL , 

« * An offlicer of the Division of Soils. 
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the prairie soils, a larger reduction was shown in the larger aggre- 
gates, a decline of 60 per cent, being noted (3) for aggregates larger 
than 0*1 mm. In a comparison based on surface area of the aggre- 
gates (15) a decline of 65 per cent, was noted. Investigations in 
Australia (7) and South Africa (11) on other types of soil have also 
shown marked reductions in water-stable aggregates following long 
periods of cultivation. 

In all the cases discussed above, cultivation had been in progress 
for fifteen years or longer when the comparison with virgin (or 
approximately virgin) conditions was made. No indication of the 
rate of decline in water-stable aggregation is given by these results 
and not very much is known concerning this aspect. However, 
Civenko (6) has recently shown that, in successive years following 
the breaking up of ‘‘ virgin turfed podzolic soil,^' the amount of stable 
structural aggregates larger than 0*25 mm. was 57, 50, 36, and 20 
per cent, respectively. 

In the present investigation, water-stable aggregates have been 
examined in soils which have been under a wheat-fallow rotation at 
the Waite Agricultural Research Institute for various periods of up 
to twenty years. It has been possible to draw conclusions concerning 
the progressive changes taking place under this cropping system in 
two types of soil. 

Sufficient variability was found in the mechanical composition of 
the soils within each of the two groups of non-replicated plots to 
warrant attention being paid to the possible influence of this factor"' 
on the results. It is recognized that a greater development of water- 
stable aggregates is to be found in soils with a high than in those 
with a low content of clay. BavSr (2) showed that the amount of 
primary particles smaller than 50fx present in water-stable aggregates 
larger than 50 /a was related to the clay content of the soil. Rost and 
Rowles (16) have expressed the actual amount of aggregation found 
in this way as a percentage of the total amount of primary particles 
smaller than 50/i, and have found that this relative expression of 
aggregation is also related to the clay content of the soil. 

It follows that in making comparisons between the structural 
condition of soil samples from field plots, it will be desirable under 
some circumstances to apply a correction for the influence of 
mechanical composition on structure. A method was developed for 
applying such a correction using as a basis the relation between " 
aggregation and clay content in samples taken from the A-horizon 
below the depth of tillage. In the present work it was found that 
clay accounted for a greater percentage of the variation in the actual 
than in the relative amount of aggregation. An expression for the 
actual amount of aggregation was used ^ so that when effecting the 
correction for mechanical composition the residual variation would be 
at a minimum (see page 173). 

The soils examined are Within the red-brown earth zone in which 
the greater part of Australian wheat is produced. It is generally 
considered that cultivated soils in this zone are particularly susceptible 
to deterioration in structure (13). 



t E^erfaBMital 

<t> Deaotipthm of SoOa and Their Cumvation autory. 

Two groups of four plots were available for examination at the 
Waite Institute. The plots had an average size of 0-2 acre. &i one 
grotqtr Type A, the A-horizon Is a brown silty loam about 12 inches 
deep with some bleadiing evident in the last 2 indies. The B-horizon 
is a light-brown clay loam to 24 Inches and a red-brown clay below 
that depth with some lime occurring at about 30 indies. Ihe 
C-horlzon is colluvial material. In the second group, Type B, the 
A*horizon extends to an average depth of 10 inches and is a grey- 
brown clay loam or loam. The B-horizon is a red-brown clay with 
eoxae lime at a depth of about 30 indies. This soil also has been 
formed on colluvial material. Soils of the red-brown earth zone to 
which these types belong have been described in detail by Piper (13). 

Features of composite samples made up from the actual samples 
takai for structure measurements are listed in Table 1. The “ surface ” 
samples consist of soil down to a depth of 4 inches — the maximum 
of tillage; the “sub-surface” samples were taken below this 
and down to a depth of 8 inches unless any visible profile change 
occurred at a shallower depth. 

Table 1. — ^Mechanical Composition of Samples from the 
A-horizon of Each Type. 






Bfeohanical CJompositlon, Percentage 




Number 


1 


Smaller Than — 



-0 S > 

Plot. 

Txwtment. 

of 

Depth 

(In.) 







ll^l 

Sample 




0 06 
mm. 

0 02 
mm. 

0 002 
mm. 



Sites 

5 mm. 

2 mm 

0 2 
mm. 


Natural 

4 

0-4 

100-0 

99-3 

95-8 

79-7 

51-3 

I5-3 

2-60 


pasture ' 


4-8 

96-8 

96-1 

92-9 

77-9 

62-9 

19-3 

3-12 

A-l 

Cdtivated 

8 

0-4 

991 

98-3 

94-0 

78-5 

52-9 

19-0 

3 17 


1 year 


4-8 

99-2 

97-7 

92-6 

78-2 

62-7 

20-1 

2-89 

A-3 

Cultivated 

8 

0-4 

99-6 

99-2 

94-6 

76-2 

5C-8 

18-4 

2-88 


3 years 


4-8 

99-6 

98 0 

93-4 

76-8 

51-8 

19-9 

3-83 

A-20 

Cultivated 

4 

0-4 

99-7 

98 9 

96-6 

77-4 

50-7 

18 2 

0-75 


20 years 


4-8 

98-3 

97-3 

93-4 

77-6 

51-8 

19-3 

1-62 

TypeB. 











B-0 

Natural 

10 

0-4 

99-4 

97-9 

93-7 

81-3 

57-1 

22-1 

6-97 


pasture 

estivated 


4-8 

98-3 

96-9 

90-8 

79-4 

57-2 

25-3 

8-06 

B-1 

6 i 

(M 

99-8 

99-3 

95-9 

79-3 

55-5 

21-3 

1-88 


1 year 


4-8 

99-9 

99-6 

96-1 

80-8 

58-6 

27-1 

4*39 

B-11 

Cultivated 

4 1 

0-4 i 

99-7 

98-8 

94-4 

80-6 

56-5 

22-1 

3*31 


11 years 


4-8 1 

99*0 

97-7 

93-9 

80-4 

58-6 

26-4 

3-38 

B-16 

Cultivated 

6 

0-4 

99-6 

99-4 

95-7 

79-2 

54-5 

20-7 

1*96 


16 years 


4-6 

991 

98*9 

95-7 

81-6 

57-7 

26-0 

7*04 


Samples were collected from Type A just prior to a late fallowing 
at a time (October, 1944) when Plots A-1 and A-3 were in stubble 
foUowii^ the crops of the previous year and Plot A-20 was in fallow. 
Samples drom Type B were collect^ in August, 1944, when all the 
cultivated plots were under young wheat. An earlier preliminary 
sampling wfts also undertaken in January, 1944, on all the plots of 
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Typ6 A. Surtaoe and sub-surface samples were taken from each 
sample hole except in the case of the preliminary January sampling 
of Type A when only a limited number of sub-surface samples were 
taken for exploratory purposes. The number of samples taken from 
each plot varied with its size. 

There was no record of any tillage on Plots A-0 and B-0 which were 
areas under natural pasture and trees adjacent to the cultivated plots. 
The remaining plots had been tilled annually under a rotation of 
fallow and a cereal crop in alternate years for the periods shown in 
Table 1. Wheat was the chief cereal grown but there were a few 
crops of oats. In one case only was any crop other than these grown. 
This was in the 10th year of Plot B-11 and the 15th year of plot B-16 
when peas were grown in the fallow year and ploughed in. Natural 
pasture of long duration, with no known prior tillage, existed in all 
the cultivated plots up to the conunencement of tillage, except for 
the l-year and 3-years plots from Type A which had been under a 
sown pasture for ten years following an indefinitely long period of 
natural pasture. 

(ii) Laboratory Methods. 

The samples were air-dried, broken carefully by hand to pass a 
1-inch sieve and sub-sampled by quartering. The mechanical compo- 
sition was determined using a Bouyoucos hydrometer after mechanical 
stirring for 20 minutes using sodium oxalate as a dispersing agent. 

Water-stable aggregates were determined in two ways — by suspen- 
sion and wet-sieving procedures. In the first of these, the break- 
down of aggregates by gentle dispersion is compared with the complete 
breakdown determined by mechanical analysis. Various devices for 
gentle dispersion are in use; that followed here involves mechanical 
shaking with water followed by the measurement of the amount of 
material in suspension with an effective diameter less than 50^ Puri 
and Keen (14) have shown that there is an exponential relation between 
the amount smaller than about 2^ and the time of shaking. Such 
a relation was also foimd to represent the position for material smaller 
than 50^.* After two or three minutes shaking the amount of 
dispersion still increased rapidly with increased shaking. It was only 
after about twenty minutes of shaking that reasonably steady values 
were obtained and the latter period was consequently chosen for 
subsequent work. A similar shaking period (fifteen minutes) was 
adopted independently by Downes and Deeper (7) because it was 
found to reveal differences better than other periods. The procedure 
used in this laboratory is similar in most other respects to that 
described by them. 

A 50-gram sample was placed in a sedimentation cylinder after 
being wetted by capillarity overnight, and sufficient distilled water 
added to make the volume up to a litre. The cylinder, which was 
about 75 per cent, full, was shaken end- 9 ver-end for twenty minutes 
at the rate of eighteen revolutions per minute. An hydrometer reading 
was taken after a settling time of 40 seconds. This reading was 
compared with the 40 seconds reading of the mechanical analysis 
to obtain an expression for the water-stable aggregation. These 
readings are both taken to represent material with an effective 


« Unpublished data, 1937. 
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(tiameta* mailer than 50^^. In the case of the mechanical analysis 
of these soils (which have a density of 2*65g./cc.) the representation 
U reasonably dose. In the gentle dispersion procedure, however, some 
of the material will be in the form of small aggregates of density less 
than 2*65 g./cc. and these will be suspended with the primary particles 
in that portion of the suspension supporting the hydrometer. These 
aggregates will have a two-fold effect on the 40 seconds reading. In 
the first place, the presence of aggregates larger than 50/i, (probably 

to 70/a) having a settling velocity less than that of primary particles 
with the same effective diameter, will tend to increase the density of 
the suspension at the point of measurement. In the second place, the 
lower density of the aggregates will cause a lower suspension density 
than would be the case with the same mass of primary particles. To 
some extent these two effects compensate one another, but the latter 
source of error is by far the larger. Its magnitude will depend on the 
apparent density of the saturated aggregates and the ratio of aggre- 
gates to primary particles in suspension. In the comparative results 
reported here within individual soil types, this effect of aggregate 
density is not likely to be of much consequence. 

A wet-sieving method developed by Meyer and Rennenkampff (12) 
with modifications introduced by Downes and Deeper (7) was the 
second method used in determining water-stable aggregates. In this 
method a sample is subjected to the disaggregating effect of watei 
rising and falling through a fixed nest of sieves. The following 
procedure was adopted. A 25-gram sample was wetted overnight by 
capillarity and washed gently through a 5 mm. sieve on to a nest of 
sieves 3*5 inches in diameter with openings of 3, 2, 1, 0-5 and 0-2 
mm. respectively. Water fiow was commenced and was continued for 
twenty minutes with the filling and siphoning system controlled to 
give about 3-5 cycles per minute. The soil fractions remaining on the 
sieves were then dried in an oven at 105*^0. and weighed. 

(iii) Expression of Results, 

The amount of particles smaller than 0-05 mm. present m water- 
stable aggregates larger than 0-05 mm. was determined by the gentle 
dispersion procedure. This will be referred to as ‘‘ Aggregation 
(0*05 mm.) ** and is given by the following expression: — 

Aggregation (0-05 mm.) ^ (Percentage particles smaller than 
0*05 mm. by mechanical analysis) — (Percentage par- 
ticles smaller than 0 05 mm. by gentle dispersion). 
(Percentages are calculated as percentage of total oven- 
dry soil.) 

The amount of particles smaller than 0-2 mm. present in water- 
stable aggregates larger than 0-2 mm. was determined by the wet- 
sieving procedure and is referred to as “Aggregation (0-2 mm.).“ 
This can be expressed as follows: — 

Aggregation (0-2 mm.) = (Percentage material larger than 
0*2 mm. by wet sieving) — - (Percentage particles smaller 
than 0*2 mm. by mechanical analysis). (Percentages 
are calculated as percentage of total oven-dry soil.) 

Both these expressions give aggregation in terms of the amount 
of primary particles smaller than a given size which are present in 
aggregates larger than that size. 



3. Watef'Stable Aggregates 

(1) In Relation to Mechanical Composition. 

The sub-surface samples taken from below the depth of tillage 
provided data from which the following equations were drawn up 
relating aggregation and cont^t of 2/t clay. 

Type A — 

Aggregation (0’05 mm.) =» — 10*7 + 1-556 clay, with r = 
0-845 (r-= 0-517 at P = 0-01) 1. 

Aggregation (0-2 mm.) =23-7 -|- 1-611 clay, with r = 0-547 
(r = 0-517 at P = 0-01) 2. 

Type B — 

Aggregation (0-05 mm.) = — 8-5^-1-216 clay, with r-= 
0-936 (r = 0-497 at P = 0 01) 3. 

Aggregation (0-2 mm.) = 23-7 -f 1-168 clay, with r = 0-740 
(r = 0-492 at P = 0-01) 4. 

All four relations are significant at the 1 per cent, level. They 
hold within the range of clay content shown in Fig. 1. This diagram 
shows the relation between Aggregation (0-05 mm.) and clay content 
in sub-surface samples. 
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Fig. 1. — The relation between Aggregation 
(0-05 mm.) ind clay content in sub-surlace 
samples. 

The effects of sand, silt, day, and nitrogen content on aggregation 
of sub-surface samples were also studied by means of a number of 
multiple regression equations which will be discussed in a later paper. 
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these show lliat day is ^vdominaAtly the most active vadahle 
a^eetinfl' aggregation in these soils and ^t althmish dlt has a 
shpdfleant ^ect in some cases, the effect of mechanical composition 
on structure is reacted dosdy by the movement of day content 
dcaie. No significant effect of nitrogen on aggregation was found in 
the sub-surface of either solL 

Regression equations could not be drawn up for the surface samples 
where the pronounced effect of cultivation masked the relation between 
asgregatlon and clay content. 

(ii) In Relation to Period of Cultivation. 

(a) Aggregation data (uncorrected). — ^Mean values for the aggre- 
gation of surface and sub-surface samples (with standard deviations) 
are given for each period of cultivation in Table 2. 


Table 2. — ^Water-stable Aooreoation dt Two Soils after Various 
Periods op CtjLTivATtoN. 


6oU 

Type. 

Period of 
Ooltivation 
(Years). 

It 

ll 


Surface. 

nation 
nm ). 

Subsurface. 

Aggregation 
(0«a6 mm.). 

Ira 

Aggregation 
(0 05 mm.). 

Aggregation 
(02 mm.). 

Mean. 

S.D. 

Mean. 

8D. 

Mean 

8D. 

Mean. 

8.D. 

i|A 

0 

4 

26*4 

2*83 

63*0 

6*20 





It 

1 

8 

20-4 

4*08 

61-0 

6-93 



. . 


iJ 

3 

8 

16-7 

4*00 

62*7 

6*88 



. , 



19 

« 

13-3 

2*33 

33-7 

7*06 





A 


4 1 

26-8 

1*98 

61*9 

6-99 

18'7 

7*41 

62*0 

6*71 



8 

19*6 

4*76 

62*2 

6*61 

20*6 

2-77 

66*2 

7*94 



8 

18-4 

6*22 

62 0 

6*28 

19*9 

7-30 

64*3 

8*72 


20 

4 

125 

0*66 

40*6 

2*26 

20*9 

5-20 

61*9 

11*31 

B 

0 

10 

22*8 

6*34 

64*2 

7*74 

21*0 

9*81 

63*8 

10*28 


1 

6 

16-7 

2.69 

49*0 

9*32 

26*6 

6*31 

67*4 

10*96 


11 

4 

14*7 

2*64 

41*7 

8*14 

24*8 

3*67 

62*1 

8*99 


16 

6 

10*9 

3*28 

18*7 

4*46 

23*1 

9*37 

63*3 

9*87 


It appears from the uncoirected data in Table 2 that there is a 
well marked decline in aggr^ation of the surface soils with increasing 
period of cultivation. However, since differences between mechanical 
composition of the samples are considerable, it was considered 
undesirable to form conclusions without first extracting the effect 
of clay content. The sub-surface samples, relatively free from the 
infiuence of cultivation, do not reveal the trmids shown by the siuface 
samples. The question of the effect of cultivation on the sub-surface 
soil is discussed later. 

(b) Correction for the influence of mechanical composition in the 
surface samples. — ^Ihe infiuence of day content on the aggregation of 
the surface samples was extracted from the data of Table 2 by means 
of the linear regression equations of aggregation on clay in the 
sub-surfacei samples (Equations 1 to 4). fo order to apply this 
correction, it is necessary to assume that tiie coefficient of cLay in the 
regresskm eqdktions is the same for surface as it is for sub-surface 
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samples* It is also desiraUe that the sub-surface samples on whidi 
these equations are based should be relatively free from the effects 
of cultivation. These conditions are discussed further below. 

The extraction is Ulustrated graphically in Fig. 2. Assuming the 
coefficient of clay to be the same in surface and sub-surface samples, 
it is possible to take the appropriate sub-surface regression line as a 
standard condition of aggregation in the surface samples to which 
trends in aggregation can be referred. For each sample there is a 
reference (or estimated) value of aggregation corresponding to its 
clay content. The difference (A aggregation) between the actual 
aggregation of a soil and the reference value can be measured along 
the ordinates on these diagrams. The departures from the reference 
basis are mainly positive in Fig. 2a but they become increasingly 
negative in Figs. 2b, 2c, and 2d respectively. This trend indicates a 
progressive decline in aggregation with increasing period of 



Fig. 2. — Relation of aggregation of surface samples of Type B to clay 
for four cultivation periods. The regression line (B of Fig. 1) is used 
as a reference basis. 


The mean differences ( A aggregation) between the actusd and the 
reference values* of aggregation for Aggregation (0*05 mm.) and 
Aggregation (0*2 mm.) in T 3 ^es A and B are given in Table 3 together 
with the results of anlysis of variance and f-test. In all four cases 
a significant decrease in aggregation due to the cultivation was found 
at the 0-1 per cent, level. 

In general a decline in experimental error with cultivation was 
observed. This decline showed a positive linear relationship between 
the variance and the mean a aggregation per cultivation period and 
is probably due to the progressive effect of tillage machinery in 
smoothing out the variation in aggregation. 

The mean deviations of the sub-surface data from the regression 
lines for eadi cultivation period are also of interest in connection 
with the infiuence of cultivation on aggregation in the sub-surface. 

• Since no extensive sampling was done fjrom the sub-surface of Type A 
at the time of the preliminary sampling, Equations 1 and 2 were us^ as 
the reference basis in that case. The regression equations might have 
been somewhat different for sub-surface samples taken at the time of the 
prelimineuy sampling because of the possibility of seasonal changes in 
aggregation (10). However, an error in the first constant of the equations 
would not affect the interpretation of cultivation effects, while an error 
in the second (the coefficient of clay) would do little other than increase 
the variance (see page 174). 

0.1916/47— a 
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bi one cese (mly, A Aggi«g«1ttoii (0>8 mm.) in Type A, is • imurked 
tpHHl riiown. An analysis of variance on this w^on of the deta 
Aowed no signifleant effect over the four cultivation periods. A 
(•test on 0 and 1 year periods showed t«.2*03 (at P_0-05, 
taM2>2S). The influence of cultivation on tills particular set of data 
Is ^ubttess partly responsible for the low ccarelation, 0.547, ig 
Equation 2. The fairly normal distribution of clay about plot means 
of simtiar magnitude, however, predude a serious effect on the 
coeflldent of day in Equation 2. 


TABLB 3.— RBLATION BUTWEEN AaOBBQATION AND PlBIOD OF CULXIVA- 
130N. (“A Agobegation ” Rbprbsbntb the Diffbbencb Between 
THE Actual and the Reference Value of Aggregation.) 


SoU 

Type. 

Period of 
Cnitlvaiton 
<Y6M8). 

Surface. 

Subeuifaoe. 

A iUnregation 

To 05 mm ). 


A Agsiegstion 
(0*0o mm.). 

^^Aggregation 
(0 2 mm.) 

Mean. 

S.D 

Mean. 

8.D. 

Mean. 

SD 

Mean. 

SD 

iiA 

0 

i 2 *r 


8-79 

14-51 


7-27 

■ 

■ 

■ 


11 

1 

31 

>a 

3-76 

8-3 

■ 6 

2-76 

■fl 



, , 

if 

3 

-0*3 


4-17 

1-4^ 


5-62 




, , 


10 

- 3 - 0 , 


2-18 

~18-0j 


7*66 

B 

B 

B 

** 

A 

0 

12-7*1 


4-08 

13-61 


0-33 

- 0-1 

3*17 

6*0 

3*60 


1 

0-7 

*-d 

3-64 

-2-3 

[e 

7-77 

-0-3 

3-37 

0*0 

5*81 


3 



2-03 

-1-6 


4*01 

1-5 

2-25 

-1-5 

6*51 


20 

-S-lJ 



-I 2 - 5 J 


1-30 

-0-8 

3*40 

-3*3 

11*38 

B 

0 

4-1] 

} 

5-63 

4-61 


0-77 

-1-1 

2*88 

0*3 

6*07 


1 

-0-7^ 

1 

1-43 

0-3 


8-15 

1-2 

3*30 

2*0 

7*51 


11 

-3-6 

L 

2-06 

-7-8 


5-18 

1-3 

1-40 

-2*5 

7*85 


16 

-6.7J 

r 

1-16 

-20-2 


2-86 

0-1 

2-32 

-1-0 

6*01 


Summary of statistical analysis: — 

o. P>.001 (jp= 13-81): 6, P>.001 (F = 9-03): c, P> -001 (<= 4-61); 
d, P>.001 (F = 20-71)*: «, F>-001 (F = 13-43)*: /, P< 0B 

(*«=l-96), vananoe ratio = 16-6; p,F>-001(F= 15-32): i!,F>-001 
(F= 42-63)*. 

I 

By comparing the A aggregation of surface and sub-surface, it is 
seen that in all cases the surface of the virgin soils is better structured 
than the sub-surface. However, after the first year of cultivation this 
condition begins to be reversed. 

The progressive deglBm water-stable aggregates in the surface 
soil is illustrated in where the data of Table 3 are plotted. In 

rU but one case 94 decline occurred in the first 

five years of citi|lE|itimi. The percentage of Aggregation (0-05 mm.) 
was reduced nn'SB-S to 8-0 in Type A and from 22-8 to 13-0 in 
TVpe B. Iifi|wCtse of Aggregation (0-2 mm.), the corresponding 
decline wa|J|pn fil-9 to 35-8 in Type A and from 54-2 to 20-4 in 
Type B. losses in structure r^resent a total decline ranging 

* Data transformed to square roots. 
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Ijetween 42 and 69 per cent, of the original virgin aggregation. The 
data the preliminary sampling of Type A show declines which 
also fall within this range. 



Fig. 3. — ^The effect of cultivation on water-stable aggregates In surface 
soil measured as (a) Aggregation (0*05 mm.) and (b) Aggregation 
(0‘2 mm.). 


4. Effect of Cultivation on Nitrogen Content 
The effect of any progressive loss of organic matter with increasing 
period of cultivation is included with other factors (such as cumula- 
tive effect of rain action) that may cause the changes noted in 
aggregation. It is of interest to note the actual changes in nitrogen 
content which have occurred as a result of cultivation (Table 4 and 
Fig. 4). It can be seen from tlie diagram that, as is the case for 
aggregation, the decline in nitrogen content of the surface soil is 
greatest in the first few years of cultivation. Other work reviewed 
by Jenny (9) has shown similar trends. In these soils the ratio of 
carbon to nitrogen is about 12 (13), and nitrogen content can be 
taken as a reasonable guide to their organic matter status. 



Fig. 4. — Relation between nitrogen content and 
period of cultivation tor the surface and sub- 
surface soils of Types A and B. 
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Tabui 4— Nitbcmsdk OottTBKT* Ama Various PraaoDB or CuimAtioH 
(AS Pbbobntaob of Aut-mnr Soil Pasono a 2 mm. &bvii). 


TjrpB. 

Pwtodof 

Guittvatloii. 

(Yews.) 

Suiteoe. 

Bubsuifaoe. 

Mean. 

8.1). 

Mean. 

SJ3. 

A 

0 

0-222)0 

0-0346 

o*i2r 


0-0266 


1 


) L 



U 

0*0120 


3 

0*161 

r 




0*0120 


20 

0*136 jc 




0*0176 

B 

0 

0*1681 


0*0130 

0*1041 




1 

0*134 

►e 

0*0140 

0*098 

-/ 

0*0108 


11 



0-0086 

0*094 


0*0118 


16 

OO94J 


0-0106 

0*089 J 


0*0162 


Summary of statistical analysis: — 

o, P>-01 («=i3-»3)i b, P<-05 (( = 1'73); e, P>-m («=.5-67): 
4 P> 05 (F-3-93)} «, P> -001 (P= 39-38): f, P<< 0b. 


Results of statistical analysis of the data using analysis of variance 
and f-test are given in Table 4. They show a highly significant decline 
in the nitrogen content due to cultivation in the case of the surface 
soils but not in the sub-surface soils. 

It will be noted that the level of aggregation in the surface and 
sub-surface of Type A is higher than the corresponding levels in 
Type B. A similar association was found in the nitrogen content 
levels of Types A and B. Furthermore the decline in aggregation due 
to cultivation is sympathetic with the decline in nitrogen content. 

It was at first considered that nitrogen was responsible for the 
difference in the levels of aggregation and that the decline in aggrega- 
tion was more immediately due to the decline in nitrogen content. 
However, multiple regression equations to be discussed in a subsequent 
paper show that there is no significant relation between aggregation 
and nitrogen content in sub-surface samples of either type. 

In the surface of Type A, nitrogen content and Aggregation 
(0-05 mm.) are linearly related with a correlation of 0-863 and in 
Type B they are related with a correlation of 0-686. ITiis correlation, 
however, has been induced by the infiuence of cultivation and there- 
fore no conclusion can be drawn in regard to the infiuence of nitrogen 
on aggregation. Rost and Rowles (16) in discussing the difference 
between cultivated and uncultivated soil found a correlation between 
organic matter and aggregation; but observation of their data 
indicates that>liere also the correlation is a forced one. 

It is probable then that, in these particular soils, both declines 
result independently from cultivation and that the decline in nitrogen 
content is not a cause of the parallel decline in aggregation. 


* Analyses by Miss C. E. Moore, Soil Chemistry Section. 
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5. Discussion 

The two methods used for assessing aggregation (wet-sieving and 
suiQiension procedures) gave much the smne relation between aggrega* 
tion and cultivation. Differences between means of aggregation for 
each period were of a larger order by the wet-sieving method, but on 
the other hand the variance was also greater. On the whole, the 
results (as shown in the diagrams) were more erratic by the wet- 
sieving method and it appears that a larger number of samples are 
required for use with this method than with the suspension method. 
The shaking period used here for the suspension method is longer 
tfian that usually adopted; and differences between treatment means 
and the magnitude of their variances would both have been greater 
had a shorter shaking period been used. Browning, Russell, and 
McHenry (5) have shown also that results by the two methods are 
closely relat^ for samples from a given soil type. 

The sympathetic relations of Aggregation (O-OS mm.) and 
Aggregation (0*2 mm.) to clay content within the one soil type are 
demonstrated by the regression coefScients of clay in Equations 1 to 
4. The correlation coefficients indicate, however, that Aggregation 
(0*05 mm.) is more closely associated with the movement of clay 
content than Aggregation (0*2 mm.). An effect of this closer associa- 
tion lies in a greater percentage veu:iation in aggregation being 
extracted from the surface data when Aggregation (0*05 mm.) is 
used to express structure. The use of Aggregation (0*2 mm.) leaves 
a larger variance error in the cultivation effects. 

Cultivation has had much less effect on the sub-surface soil than 
on the surface as shown by trends in aggregation and nitrogen content. 
In the present data, where theTlay content of the sub-surface soil is 
well distributed about the mean of each plot and where there are 
only small differences between plot means, cultivation effects would 
not in any case alter the coefficient of clay in the linear regression 
equations. They would however reduce the correlation coefficient 
and may alter the level of aggregation. These last two factors do 
not affect the application of the correction. With sharp differences 
between the mean day content of different plots, these equations 
would lose their reliability only if there were also significant cultiva- 
tion effects in the sub-surface. The sub-surface of the A-horizon 
should in many field experiments afford a useful basis for extracting 
the effect of mechanical composition from the aggregation of the 
surface soil. 

The validity of the correction depends upon the assumption that 
the slope of the linear regression of aggregation on clay content is 
the same for the surface as it is for the sub-surface soils. For this 
to be the case the aggregating effect of primary partiples of a soil 
must be the same in the surface and. sub-surface of ffie A-horizon. 
Any other variable affedtlng aggregation in the surface but not in 
the sub-surface is considered to be either a direct or Indirect, effect 
of cultivation (or of virgin conditions). 

Where another mechanical fraction, for example silt, has a 
significant effect on aggregation it will be shown dn a later paper 
that aggregation can be expressed as a linear function of clay and 



m 

sUt Whare su(±[ a silgnlflcant rnddumical fract^ 
of tile effect of mechanical composition from the surface aggregation 
by the linear regression assumed for the surface may have two sources 
of error* In the first place a percaitage of the variability in aggrega- 
tion that could have been removed by a multiple regression would be 
left in the variance of the cultivation effects. In the second place 
a difference between surface and sub-surface relations of clay to the 
significant mechanical fraction may result in a difference in gradient 
between surface and sub-surface regressions of aggregation on clay. 
If the clay content in each surface plot is normally distributed about 
the same mean this error is one of variance only. On the other hand, 
if there are differences between each plot mean and the general mean, 
the mean differences in aggregation due to cultivation are not 
accurately determined by a linear regression. These sources of error 
are removed by using multiple regressions. 

For these soils it has been emphasized that clay content is 
considered to reflect closely the effect of mechanical composition on 
aggregation. This is true even where other mechanical fractions 
exert a significant effect on aggregation because of the relations between 
day and other mechanical fractions found in these soils. The use of 
the multiple regressions may be desirable when other mechanical 
fractions affect aggregation for the reasons discussed above but in 
these soils a correction by linear regression was found satisfactory. 

One effect of extracting the influence of mechanical composition 
from aggregation by linear regression was to reduce the variance of 
the cultivation effects on aggregation. The second and most important 
effect was to reduce the error due to mechanical composition differences 
between plots. This correction should enable comparisons of structure 
to be made in soil types of local significance on which results from 
replicated plots cannot be obtained. In many cases there is sufficient 
variation in mechanical composition within one soil type to make 
such comparisons unreliable unless such a correction is applied. 
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The Gdcium/Manganese Ratio in Relation to the 
Growth of Lucerne at Ginberra, A.C.T. 


By E. H. Kippt, B,Se,* 


Summary. 

The unsatisfactory growth of lucerne on the savannah soil of Canberra, 
A.CT., can be attributed to the high exchangeable manganese content of 
the soil In conjunction with an inadequate level of available calcium. 

Raising the degree of base saturation of the soil and the pH to above 
6*7, thereby reducing manganese availability to a minimum, permitted 
satisfactory growth. Additional increases in jdeld followed as the available 
calcium supply was augmented. 

A correlation exists between the calcium/manganese ratio in the plant 
and the health and yield of the plants grown. Healthy plants had a Ca/Mn 
ratio greater than 66/1. 


I. Introduction 

Field observations on pastures of Phalaris tuberoaa, lucerne, and 
subterranean clover indicated poor growth and vigour of lucerne 
(Af, Botiva Lu) and of subterranean clover {T. aubterraneum L.), The 
original observations were made in 1939 and the possibility of a trace 
element deficiency was recognized. In 1940 copper, zinc, manganese, 
and boron applied at appropriate rates gave no improvement in the 
growth of subterranean clover and/or lucpme in the pasture and no 
residual effects were present in 1941. 

The symptoms are more marked in lucerne and have been 
described under both field and pot culture conditions by Shaw, Barrie, 
and Kipps (1944). In their pot culture study, lime at the equivalent 
of 1 ton per acre produced healthy and vigorous plants while plants 
receiving sodium molybdate at the equivalent of J and 2 lb. per acre 
made better growth than the unfertilized but were generally pale and 
yellow in colour. 

It was apparent from these and other field and pot culture tests 
that the unsatisfactory growth of lucerne could not be attributed to 
a simple deficiency of the major nutrients — calcium, phosphorus, and 
potassium, or of the trace elements — copper, zinc, manganese, boron, 
and molybdenum. The possibility of sulphur deficiency had also been 
tested in the field, the addition of 56 lb. per acre of sulphur greatly 
reduced the yield of subterranean clover and Phalaris tuberosa in the 
pasture. 

The unsatisfactory growth of lucerne was also found on the new 
£)ivisional Experiment Station at Dickson in 1941 on similar soils. 

The Soils Division (Taylor, 1941) made a survey of the soils on 
the Dickson Experiment Station. The main body of the experiment 
station is covered by soils of common origin developed to their present 
form by differences of internal drainage and four stages in the catena 
can be defined. The well-drained member is the brown soil of the 
upper slopes, soil type 1, and the poorly-drained member is the grey 
depressional soO — 4. Between the two extremes are a l^e 


* An efflcer of the Division of Plant Industry. 
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number of variants graded into one another and arbitrarily grouped 
into two intermediate types 2 and 3, varying in drainage capacity. 
The fifth type recognized is a typically alluvial fan. Some 70 per 
cent, of the area consists of soil types 1 and 2, and Taylor reports 
that no distinction need be drawn between them for field experiment 
purposes. 

The soil used in the pot culture studies is the surface horizon, 
0 — ^5 in. from type 1, for which Taylor reports the following 
mechanical and chemical analysis: — 


Son. Type 1. 



Sample Humber 


6786. 

6787. 

6788. 

6789. 

6791. 

Depth (in.) 

0 - 6 " 

6-12-' 

12-18-^ 

18-62'" 

52-72^ 

(travel (per cent.) 

Trace 

5 

00 

9 

Trace 

Coarse sand 

11-6 

11-7 

12-4 

7-3 

6-0 

Fine sand 

45*8 

42-8 

33-6 

17-8 

13-6 

Silt 

18-5 

16-7 

13-7 


8-8 

Clay 

23-4 

28-6 

39-4 


71-7 

Loss on acid treatment 

1*4 

0-6 

0-6 

0-7 


Nitrogen (N) 

0*071 

0-073 

0-059 



Phosphorio acid (PiOg) . . 

0-058 

0-053 

0-065 



Exchangeable base m.e. | 






(per cent.) 




110 


Ptoentage composition of 
exchangeable bases — 


9|H 




Ca 




49 


Mg 




47 


K 




2 


Na .. .. 1 

■bI 

HHH 


2 

•- 

pH 

6-8 

6-4 

6-6 

6-8 

7-0 


The total manganese content of the surface 0 — 5 in. layer of type 1 
has been found by the author to be 0'126 per cent.; exchangeable 
manganese 0'019 per cent. The ratio of exchangeable Ca to Mn is 
4-8 to 1. The relatively high content of both total and exchangeable 
manganese in the soil suggested that the calcium/manganese ratio 
played an Important role in the poor growth of subterranean clover 
and lucerne on these soils. 

2. Revfew of Literature 

Several workers have reported high .manganese content in soils. 
Robinson (1929) has quoted a range for U.S. soils from less than 
0*001 to 1*27 per cent, and mentions that some tropical soils contain 
as mudi as 15 per cent manganese. 

Carr and Brewer (1923) reported little indibation of manganese 
toxicity in Indiana soils when from 0*006 — 0*008 per cent of soluble 
manganese was present, but 0*015 — 0*03 per cent, caused a very 
pronounced toxic effect. 












m 

Guflirie and Cohen (1910) reported unsatisfactory growth of 
Oynoion dactylon on small areas of a bowling green at Pubbo, New 
Soutib Wi^s, where the affected soils contained 0*177 per cmt. 
manganese. They also attributed poor growth of barley at Milton, 
ij^ew South Wales, and of wheat at Bathurst Experiment Facrm, New 
South Wales, to excess total manganese. In all instances very patchy 
growth of the plants was noted. 

McCool (1934) observed that the soluble manganese content of 
soils varied greatly with depth and with the time of the year, being 
lowest in autumn and spring. 

The factors affecting manganese content of soils and vegetation 
have been reviewed by the Imperial Bureau of Soil Science (1940) 
and the results briefly summarized are as follows: — 

(i) Cultivated soils usually contain less manganese than 

uncultivated soils. 

(ii) The solubility of manganese in the soil depends largely on 

the soil reaction and the oxidation reduction equilibrium. 

(iii) Manganese is one of the most easily exchangeable bases 

particularly under acid soil conditions. 

(iv) Liming reduces the availability and solubility of manganese 

presumably as a result of oxidation. 

(v) The manganese content of different plant species grown on 

the same soil varies considerably. 

With regard to the uptake of manganese by plants, Svanberg 
(1938) reports a forage anaemia of horses, occurring in parts of 
Scandinavia, supposedly caused by Vitamin B^ deficiency; Carlstrom 
and Hjarre (1938) noted the rapid disappearance of the vitamin from 
affected forage and suggested that this was probably due to its 
oxidation in the presence of large amounts of manganese. Svanberg 
states that the soil in affected areas is usually acid, with high sulphur 
and low calcium content, and suggests that the ratio of calcium to 
manganese in the soil may be important, as it ranges from 9*2/1 in 
unaffected areas to 1*8/1 in affected areas. 

Wallace, Hewitt, and Nicholas (1945) studied soil acidity effects 
on runner beans and cauliflower and demonstrated that ** the 
characteristic * field acidity ’ symptoms of these crops, namely, 
intervenal chlorosis and necrotic spotting of runner bean, and 
incurled margins of cauliflower, are due to toxicity of manganese, 
though the toxic effect is considerably modified by calcium status, 
being particularly severe when calcium is at a low level, and 
substantially decreased by a high calcium status.” By conducting 
suitable experiments these workers were able to establish the visual 
symptoms of ealcium deficiency: ” Runner bean — cleaves slightly pale- 
green as for moderate nitrogen deficiency, with necrotic spots, 
especial^ near tips, aroimd margin and progressing inwards inter- 
venally^ Cauliflower — ^young leaves distorted, with tips brown and 
diar]^ hooked either backward or forward ; older leaves marginal 
andjpbrveaal areas becoming wilted and finally brown.” The 
symKoxim were stated to become more striking as the manganese 
1mm raised* 
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Fried and Peech (1946) were concerned with gypsum and Hmw 
ffertilization of lucerne and have stressed the inability of plants on 
add soils to absorb calcium, even when supplied with an adequate 
quantity of soluble calcium salt. They state that there is good indica- 
tion that manganese, which is readily absorbed by plants, may prevent 
the uptake of calciiun and observed that the application of an addi- 
tional 100 p.p.m. of manganese as carbonate to an add soil virtually 
prevented the growth of lucerne. The percentage calcium in the 
plants was very considerably reduced by this treatment and the 
manganese content greatly increased, which suggests that antagonism 
occurs under conditions of extreme manganese availability. 

Albrecht (1932) and co-workers have shown that the growth of 
legumes increases with the increasing degree of saturation of the 
clay with calcium, while Allaway (1945) has demonstrated that the 
availability of replaceable calcium increases with the increasing degree 
of calcium saturation of the soil. 

3. Methods of Analysis 

The oven-dried plant material (total above ground portion) was 
groimd to pass a 40 mesh sieve and stored in air-tight containers. 
Nitrogen was estimated by the Kjeldahl method using Se/FeSOj 
catalyst. Calcium was determined on an aliquot of the HQ extract 
of the ash by the A.O.A.C. method. 

Magnesium was determined on a further aliquot of the acid extract 
using 8-hydroxyquinoline after first removing ^e calciiun as oxalate. 
Msmganese was determined by the wet digestion method of Piper, 
and permanganate colour readings taken in a simple but sensitive 
single photocell colorimeter "''employing a d’Arsonval type 
galvanometer. Total and exchangeable mangemese in the .soil were 
also determined by the methods of Piper, using hydrochloric acid and 
ammonium acetate extracts respectively. 

pH measurements were made on a i-in. core of soil removed from 
the pots, and suspended in water (1 to 5). Readings were made on 
a Cambridge glass electrode instrument. 

4. Experimental 

Experiment 1. 

In the initial pot culture trial (Shaw et ah, 1944) it was found 
that healthy lucerne could be grown on Dickson soil by adding lime. 
Lime, however, can function in a dual capacity; firstly, by increasing 
the level of available calcium present in the soil, and secondly, by 
reducing soil acidity (pH effect). In order to determine, if possible, 
which of these effects was the more significant in this particular soil, 
a further pot experiment .was carried out by Barrie and Kipps (1944, 
unpublished). ITie 0 — 5 in. horizon of soil type 1 (pH 5-8) was used 
with lucerne as the test plant. The plants were grown in 9-ln. 
enamelled pots and the sml moisture readjusted to 22 per cent, on a 
dry soil basis at frequent Intervals. The treatmmits applied were: — 

NajHPO^— an initial dressing of 1018 g. per pot to all pots 
(equivalent to 2 cwt per acre). 
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€l8i(0H),'--0, 2*575, 5*15, 7*725, and 10*30 g; per pc^ (ci0ulv»’ 
lent to 0, 5, 10, 15, and 20 cwt, per acre of 
Ca(OH), on surface area). 

— 0, 1*78, 3*56, 5*34, aiui 7-12 g. per pot (equivalent to 
0, 5, 10, 15, and 20 cwt. per acre li^COH)^). 

CaSO^ — 0, 5*99, 11'97, 17*96, and 23*94 g. per pot (equivalent 
in Ca to tile Ca(OH)g treatments). 

All levels of MgO and CaSO^ were used in combination and four 
replicates of eadi treatment used. 

The plants were harvested at the flowering stage and a total of six 
harvests made between January 20, 1944, and February 7, 1945. The 
yield of dry matter per pot, percmtage nitrogen and calcium, and 
P4>.m. of manganese were recorded at each harvest. 

Beautta . — ^It was foimd that magnesium hydroxide and lime produced 
similar increases in yield (Table 1). A further increase in }deld was 
obtained with gypsum in combination with magnesium hydroxide, a 
maximum being reached in the vicinity of pH 6*7. The same pH 
was attained by lime or magnesium hydroxide alone and it would 
appear that the increase in the presence of gypsum can be attributed 
to the extra calcium, particularly as the soil is not especially low in 
sulphur (0*025 per cent, total, 0*012 per cent, sulphate sulphur). 

Plants treated with gypsum alone gave the lowest yields and 
invariably appeared pale-green or yellowish in colour. 

The manganese contoit was higher in all treatments than the 
normal (50-60 p.p.m.) quoted in the literature. Lime and magnesium 
hydroxide reduced the concentration in the plant, both alone and in 
ecnnblnation with gypsum, the extent of the reduction depending upon 
the amount of base added to the soil. The highest manganese content 
was obtained in the flnal harvest of the nil treatment, this may be due 
to depletion of the available soil calcium. The addition of gypsum 
also caused a reduction in manganese at all harvests m spite of the 
lower pH (5*2) and consequently greater availabihty of that element 
in the soil. ^ 

Table 1 (see also Appendix A).— Yield, Pebcentage Calcium, P.P.M. 

Manganese, and Soil pH. 


Treatment 


— 

m 

m 

Mgl 

U 

LX 

01 

OX 

Oi 

01 

Mgl 

Mgl 

Mgl 

Mgl 

Yield 

208 7 

268 X 

286 2 

256 X 

274 5 

818 4 

828 8 

861 4 

864 4 

178 2 

167 X 


5 0 

6 8 

7 8 

6 9 

7 8 

0 6 

6 9 

6 8 

7 1 

6 2 

5*8 

Percentage Oa 

X 10 

X 08 


X 4i 

X 50 

X 87 

X 09 

X 89 

X 28 

X 42 

X 44 

Mn ppm 

828 

X67 

108 

166 

1 X80 

X79 

146 

181 

124 

X9X 

277 


G •• gfpmi* Mg mifimlqin L lima | and 1 ton p«r aote 






1 
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Espertment 2 . 

Unfortunately the highest level of acidity reached in the first 
experiment was no greater than that encountered in Duntroon soil 
in its natural state (i.e., pH 5* 2). Although the usual mild symptoms 
were evident in imhealthy plants, there was a general lack of browning 
and withering of the leafiets. It was therefore decided to obtain 
further data on manganese distribution by extending the pH range 
■on the acid side using the Dickson loam and pot technique adopted 
in the previous experiment. 

Treatments . — ^All pots received an initial dressing of 5*25 g. 
KHjjPO^ equivalent to 5 cwt. per acre 20 per cent, superphosphate and 
2 cvvt. per acre KCl. 

CaSO« . 2HjO at 17*96 g. per lot (34*87 cwt. per acre^S*!! 
cwt. Ca). 

Ca(OH)j 7*725 g. per pot (13 cwt. per acres 8*11 cwt. Ca). 

Sulphur 3*34 g. per pot (6*49 cwt. per acresS in CaSO*). 

NHjNO, 1*545 g. per pot (3 cwt. per acre). 

The fertilizers were mixed throughout the' soil in the pots about 
two months prior to planting. They were applied singly and in all 
combinations and three replications of each treatment were made. 

Results . — ^The best yields on Dickson soil were obtained with the 
combinations lime plus gypsum, and lime plus gypsum plus nitrogen 
(Table 2). The plants were hdflithy throughout the duration of the 
experiment with the exception of a short period at the time of the 
fourth harvest when a slight paling of the leaves was observed. 

Lime and nitrogen and lime alone gave similar results but in this 
case the period of paling was lessened. 

All combinations in which sulphur was Included produced 
unhealthy plants displaying a complete range of symptoms at one 
time or another and some mortality occurred in the absence of lime. 
The presence of lime enabled most plants to survive but growth and 
health were definitely poor. 

Hie larger amount of gypsum applied in this experiment caused a 
correspondingly greater reduction in soil pH; the calcium content of 
the plants did not edter appreciably but the manganese uptake was 
much higher than that reported in the previous expesiment. The 
plants were pale and yellow in appearance and some brown tips were 
*observed on the leafiets, but all survived. 

The addition of nitrogen caused an improvement in all cases, 
symptoms were less marked, and yields improved in its presence. 
Nitrogen exerted a marked effect in the presence of lime plus su^ihur, 
and lime plus gypsum phis sulphur. 



Tabu 2 . — ^ExpsRiHBirr 2 . Dickson Soil ( 1945 - 6 ). 
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FitSd Samples , — ^In December 1946, lucerne samples were collected 
in the field at Dickson and analysis of these plants indicated that 
150-200 p.p.m. is the limit of manganese tolerance to be found in 
apparently healthy material in the field. 


Deieription. 


Mn. Content. 


1 Normal plants (six year stand, S.W. corner) 

2. Normal plants (six year stand, N.E. corner) 

3. Normal plants amongst chlorotic (second year) 

4. Apparently normal (second year) . . 

5. Apparently normal amongst chlorotic (first year) 

6. Chlorotic plants (second year) 

7 White necrotic lesions and brown tips (first year) 
S. Prominent brown tips (first year) . . 

9. Brown tips, older shoots only (six year stand) 


p.p.m, 

81 

137 

98 

144 

196 

161 

212 

225 

296 


Observations made on nil treatment pots in the preceding experi- 
ment prior to harvesting, confirm that plants appeared healthy below 
the 200 p.p.m. level, and thereafter as the manganese content increased 
showed chlorosis in varying degress of severity. 


5. Discussion 

Healthy plants and good yields of lucerne have been consistently 
produced on Dickson soil with a manganese content between 100 and 
200 p.p.m. Both lime and magnesium hydroxide serve to reduce the 
manganese content of the plants to this level — ^the greater the addition 
of either base, the greater the corresponding reduction in manganese. 
However, as mixtures of lime and gypsum on the one hand and 
magnesium hydroxide and gypsum on the other produce higher yields 
than either of the bases alone, in spite of a higher resultant manganese 
content in the plant, it would appear that concentrations up to 300 
p.p.m. are not necessarily detrimental to growth. 

(i) The Manganese /Iron Balance. 

The death of the plants growing under very acid conditions could 
be attributed to manganese toxicity or an upsetting of the 
manganese/iron ratio. Several rapid tests for iron were made on 
material from the first experiment and amounts of iron in excess of 
1,000 p.p.m. were found to be present. It might be presumed there- 
fore that sufficient iron was present to balance the range of manganese 
encountered in that experiment. In the second experiment in which 
manganese concentrations over 2,000 p.p.m. were observed it is 
improbable that the necessary iron was present to maintain the 
balance. 
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Stmro sterilization of this soil praduces eMrane syn^tonu of 
taanganese toxicity in beans, a four-fold increase in manganese taking 
jdape in the plant (from 500 to 2,000 p.p.ni.) without any correspond- 
ing increase in total iron. In a sense iron might be considered to 
hecome “ deficient ” in respect to manganese under these conditions. 

Twyman (1946) quoting the work of Somers and Shive (1942) 
states that “the theoretic^ ejqtlanation of the roles of nuuiganese 
end Iron to metabolic processes revolves round two facts; first, that 
the active functional iron Is in the ferrous condition, and secondly, 
that the oxidatim potential of manganese is higher than that of iron." 
Hopkins (1930) suggested that the presence of large amounts of 
manganese results in a high proportion of ferric Ions or prevents the 
reduction of ferric iron. 

In other words, the presence of manganese in more nearly normal 
quantities is a prerequisite to the formation of ferrous iron, and total 
lion determinations would then include a proportion of active ferrous 
iron; but in the presence of excess meuiganese, iron figures would 
mainly represent immobile ferric iron and become meaningless in so 
far as the manganese/iron ratio is concerned. The balance of active 
iron is apparently maintained within reasonably wide limits of 
manganese concentration, for in these experiments healthy plants have 
been grown containing many times the normal concentration of 
manganese when ample available calcium is present in the soil. 

<il) Calcium Oorttent. 

The results obtained show that the calcium content of the plant 
is dependent upon the calcium added to the soil. The mean percentage 
calcium rises with each increment of lime, and, to a lesser extent, with 
gypsum. 

The application of magnesium hydroxide invariably reduces the 
percentage calcium content of the plant, but not necessarily the total 
amount removed from the soil. Above pH 6 the calcium uptake 
increases as additional gypsum is applied at any peuticular magnesium 
hydroxide level. The greatest uptake of calcium occurs at the i-ton 
magnesium hydroxide level around pH 6*4. Percentage magnesium 
in the plants on the other hand remains fairly constant in all treat- 
ments, and the beneficial effect of magnesium hydroxide apparently 
lies in increasing the degree of base saturation of the soil. 

Comparing the yields obtolned in the two experiments by taking 
an equivalent number of plants over a similar growth period, it is 
found that a mixture of lime (| ton) plus gypsum (li tons) produces 
much the same increase in yield as a mixture containing magnesium 
hydroxide (i ton) plus gypsum (li tons). The increase in yield may, 
therefore, be attributed to tHa greater availability of calcium result- 
ing from an increase in the total base saturation of the soil. 

(iii) The OcMum/ Manganese Ratio. 

Apart from a slight transitory paling in the fourth harvest, healthy 
plants tyere produced throughout the growing period in Experiment 2, 
whoi^ me following iectliUxer treatments were emplityed: lime, and 
lin^ and 'gypsum, alone and in combination with nitrogen. The 
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remaining treatments were unhealthy and showed a range of 
symptoms including pale-green leaves, yellow leaves, brown tips, 
withering of the tips and edges of leaves, spindly and stunted growth 
of the entire plant. 

The mild chlorosis of otherwise healthy plants at the fourth 
harvest is undoubtedly caused by the sudden rise in manganese 
content occurring at that period (Fig. 1). Fig. 1 also illustrates the 
modifying effect of lime and lime plus gypsum on the uptake of 
manganese by the pUmt. 



MARVtSJ 

Fig. 1. — ^Variation in inanganese content of lucerne grown in pots 
(Experiment 2). 


The average calcium content of lucerne quoted in the literature 
is about 2 per cent. (Beeson, 1941), a figure which is higher than that 
obtEdned on most of the material grown in these experiments. It is 
generally recognized that the calcium requirement of lucerne is high. 


0001 rebtiw caldum la the soil may be the ooatrofflhg’ 

fildoi' hi growtii of this crop. The manganese content of the plants 
fn this study Is abnormally high and subject to wide fluctuations — 
increasing the calcium content of the soil by liming reduces the 
variabillly and amount of manganese In the plant; but the luldition 
of gypsum to the soil Inoeases the variability and quantity. 

Leeper (1935) reports that manganese defici«icy is confined to 
soils of pH 6*7 or higher, thereby inferring that manganese avail- 
ability readies a minimum at tiiis stage. The results obtained in this 
study indicate that the highest caldum/manganese ratios are produced 
udien the supply of available caldum is augmented in such a manner 
that the soil pH is of the order of 6*7. Fig. 2 shows that healthy 
plants contain at least 66 times as much calcium as manganese in 
thdr sub-aerial portions. As the ratio becomes less, pale-green and 
ydlow s 3 anptoms appear at first, followed by the development of 
brown spots and the withering of the tips and margins of the leaves. 
Finally death occurs around the 5/1 level. 



Fig. 2.— yariation in calcium/manganese ratio of lucerne grown in 
pots (Experiment 2). (Line is the top curve in the graph.) 
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6. Coacltisions 

TTie conclusions to be drawn from the two experiments are: — 

1. The supply of available calcium in the soil is low for crops 

with a high calcium requirement such as lucerne. The 
** relative ** deficiency of calcium probably accounts for 
the pale-green appearance of the crop. 

2. The presence of large amounts of available manganese in the 

soil at certain periods of the year aggravates the already 
unhealthy condition of plants, resulting in browning and 
withering of the leaves. 

3. Healthy and vigorous plants can be grown by adding lime 

or magnesium hydroxide to the soil at the rate of at 
least 15 cwt, per acre. 

4. Maximum yields are obtained when the degree of base 

saturation is raised and an ample supply of available 
calcium is also present in the soil. 

5. Maintenance of the above conditions over a prolonged period 

should lead to the establishment of a satisfactory stand 
of lucerne on this soil. 
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Appeadix A 

fixrasEMBm' 1 . — This Etmacr of Varyoto Ratbb of Lius, MAOifsatcu 
Htdroxidb, and Gypsum on Yibld, pH of Soil^ and Chemical 
Composition of Lucerne Grown on Dickson Loam. 


(Fields in grama per four pota.) 
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Hie Treatment of Cut Potato Setts with Zinc Oxide 

2. Infection of Stems and Tubers with Rhizoctonia and Scab 
By J. G. Bald. M.Agr.Sc.. Ph-D.* 


Nummary. 

In this paper an analysis is made of the effects of treating cut potato 
setts with zinc oxide on stem lesions, the incidence of Rhizoctonm runner 
hyphae on the stems, and the incidence of scab and Rh%zocton%a on the 
tubers. 

Some treatments with zinc oxide and the organic mercury dip reduced 
the incidence of lesions and runner hyphae on the underground stems. 

The zinc oxide treatments raised the yield of clean sound tubers. 

Zinc oxide and mercury treatments gave partial or effective control of 
common scab. 

The treatments that were effective against scab raised the incidence 
of Rhizoctoma sclerotia on the tubers. 

Further investigation suggested an antagonism between Actinomyces 
scabies and Rhizoctonia solanu 

It is suggested that the potato setts carried a surface microflora that grew 
with the shoots and on to the developing tubers, forming a sheath around the 
underground parts of the potato plant. The tubers after they were dug 
carried on their surfaces a microflora derived partly from the mother 
tuber and partly from the soil in which they were grown. 


1. Introduction 

The data of the trial described in this and the previous paper fall 
naturally into two sections, the first dealing with direct and indirect 
effects of treatment on the condition of the sett, growth, and yield ; the 
second with infection of stems and tubers. The organisms causing 
infection were Rhizoctonia solani and Actinomyces scabies (and 
possibly others). These are ordinarily susceptible to control by treat- 
ment of the setts. 

Two lots of infection data were taken, one at the same time as the 
setts were rated, the other after the yields were dug. The former con- 
sisted of records of lesions and macroscopically visible runner hyphae 
on the stems, the latter of scab lesions and Rhizoctonia sclerotia on the 
tubers. 


2. Treatments 

A list of the thirteen treatments in the trial is given below. Other 
details are presented in the previous paper (Bald, 1947). The treat- 
ments were; — 

1. Clean tubers, cut October 22, setts dipped in water, put in small 
doth bags, suflQcient in each to plemt one plot of the trid. The cloth 
bags were covered with damp sacks to maintain humidity until the 
setts were planted during the following two days, October 23 and 24. 

2. Infected tubers, cut October 18, setts dipped in water, tipped 
into open trays and allowed to dry out. The setts lay two to three 
deep, th^cut surfaces frequently in contact with the skin of other setts. 

* * An officer of the Division of Plant Industry. 
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On October 22 they were put into small cloth bags, which were cov^ed 
with damp sacks. A proportion of setts were definitely shrunken after 
the four days drying. 

3. Infected tubers, dipped whole in water on October 18, left in 
trays until October 22, cut, bagged, protected by damp sacks. 

4. Infected tubers, cut October 22, dipped in water, bagged, pro- 
tected by damp sacks. 

5. As for 2, but on October 18 dipped in zinc oxide suspension. 

6. As for 3, but on October 18 dipped in zinc oxide suspension. 

7. As for 4, but on October 22 dipped in zinc oxide suspension. 

8. 9, 10. As for 2, 3, 4, but dipped in an organic mercury fungicide, 
improved Hortosan. 

11, 12, 13. As for 2, 3, 4, but dusted with a zinc oxide-DDl* ausu 

The zinc oxide suspension consisted of 5 oz. zinc oxide in one gallon 
of water; the organic mercury dip was made up according to directions; 
and the dust contained 2 per cent, zinc oxide and 1 per cent. DDT in 
“ P 5 Tophyllite ” filler. It was added to the setts in a barrel duster at 
the rate of 1 oz. to 8 lb. of setts, and the duster was turned until 
coverage of the setts was complete. 

3. Estimation of Stem Infection 

The sampling of plants and the examination of setts and stems were 
made on November 29, five weeks after planting, and twenty days 
after the first shoots were noticed above ground. The condition of the 
young plants at that time has been described (Bald, 1947). Lesions 
were clearly visible on the white atnd turgid stem tissues. They were 
of the type usually associated with Rhizoctonia injury — broad patches 
of slighly sunken necrotic tissue extending along the stem, sometimes 
girdling it. Some stems had been killed underground, forcing the 
development of shoots from axillary buds. 

Where coarse runner hyphae were present, they could be seen quite 
clearly against the white stems. Generally, if they were present at 
all, they extended over the greater part of the underground stem. In 
many instances they had produced a few sclerotia; occasionally they 
formed the familiar weft of white mycelium above the ground level; 
sometimes they extended along the stolons and were associated with 
small lesions or killing of the stolon tips. On the harder tissues of the 
stems covered by runner hyphae there were often no lesions. 

The impression given by the distribution of lesions and hyphae was 
that the faster-growing strains of Rhizoctonia^ corresponding approxi- 
mately to type C distinguished by Houston (1945), formed runner 
hyphae, sclerotia, and were barely pathogenic; others similar to 
Houston's type A, were slower-growing, much less likely to form 
runner hyphae or sclerotia, and were distinclty pathogenic. 

4. Lesions and Hyphae on Underground Stems 
(i) Presentation of Results. 

On the plants dug for the examination of the imderground parts 
were variable numbers of stems. This and small numbers of plants dug 
(two from each plot, 208 in all), probably increased the naturid 
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variability of the plot samples exunined for infection of the irtmns. A 
prdlminaiy analysis of the numbars of steins per plant sampled 
revealed no significant differences, except between the two main blocks 
of the triaL The plants In the second block, situated in the more 
gravelly soil (Bald, 1947), had more stems than the plants in the 
block situated in the heavier soil. Treatment had no effect on the 
mean numbers of stems produced by a single sett. An aiudysis of 
covariance between numbers of stems carrying lesions and mean 
numbers of stems on the plants sampled revealed no consistent 
tendency for more infected stems to occur on plants with many stems 
than on plants with few. 

As notes were taken of the extent and type of lesions on eadi stem, 
the results could have been presented in several ways. Finally, it was 
decided to present them as the mean numbers of stems with definite 
lesions (Table 1). These figures do not include a few stems that bore 
only occasional small lesions on the stolons, which were eissociated 
with the invasion of the imderground peuts by runner hyphae. 

The numbers of stems coated with visible runner hyphae are simi- 
larly presented (Table 1). Treatment totals were modified according 
to the incomplete block design. This gave one negative value (treat- 
ment 5), but it was not significantly different from zero. 

Table 1. — ^Total Number of Stems Carrying (i) Lesions and (ii) 
Visible Runiter Hyphae of Bhizoctonia, on 16 Plants Sampled 
FROM EACH TREATMENT. THE MEAN NUMBER OF STEMS PER 

Plant was Approximately Three. 





Numbers of Stems — 


Description 

Treat- 

ment 

With Lesions. 

With Eunner Hyphae 

No. 

Single 

Treat- 

ments 

Means 
of Three 
Treat- 
ments. 

Single 

Treat- 

ments 

Means 
of Three 
Treat- 
ments 

Clean setts, dipped in water 



mm 

2*0 

•• 

Infected setts, dipped in 




16-3 


water 




9*3 






7*0 

i6‘-9 

Infected setts, zinc oxide dip 

5 

31 

.. 

-2*1 


6 

13 


13*2 

, . 


7 

15 

19-7 

4*6 

6*2 

Infected setts, organic mercury 
dip (improved Hortosan) 

8 

23 

, , 

7*1 

, . 

9 

16 

. . 

16*0 

. . 

10 

5 

14-7 

0*2 

7*8 

Infected setts, zinc oxide — | 
DDT dust (pyrophyllite 

11 

21 


7*3 

, . 

12 

14 

• . 

20*8 

. . 

filler) 

18 

20 

, , 

12*3 

. . 



•• 

21-3 

•• 

13*6 

Significant di^erence 

•• 

14*3 

8*3 

10*6 

6*1 





















193 


(ii) Controls, 

An obvious result, revealed in Table 1, was the relative absence of 
both lesions and runner hyphae on the stems from clean sound setts 
(treatment 1). By contrast, many stems from untreated infected setts 
(2, 3, 4) were damaged by lesions of the type usually attributed to 
Rhizoctonia solani; others carried runner hyphae and sclerotia of 
fast-growing strains of Rhizoctonia. The organisms responsible must 
have been mainly tuber-bome, not soil-bome. 

There was in treatment 3 a lesser number of damaged stems, 
20, than in treatment 2 or 4, 31. Although this difference was by 
itself not significant, there were similar differences in the other three 
treatment series. Altogether, there was a significant difference 
between the mean numbers of damaged stems from setts cut, then 
dipped or dusted, and allowed to dry out for four days (2, 5, 8, 11), 
and tubers treated whole at the same time, but cut four days later 
without wetting or treating the cut surface (3, 6, 9, 12). The crucial 
difference between these two series of operations was probably the 
treatment or lack of treatment of the cut surfaces, although they were 
not parallel in every detail from this one. 

It was suggested in the section on the condition of the setts (Bald, 
1947) that wetting (or dusting) the cut surfaces possibly encouraged 
their colonizatipn by organisms carried on the skin of the tubers, even, 
under some circumstances, in the presence of protective substances. 
According to this interpretation, colonies of pathogenic organisms 
developing on the cut surfaces of the setts may later have invaded the 
young shoots, and increased the risk of damage to the imderground 
stems. 

(iii) Zinc Oxide Dip. -«r 

Two of the zinc oxide dip treatments, 6 and 7, reduced the produc- 
tion of lesions on the underground stems. Although in one of these 
treatments taken alone (6), the number of damaged stems was not 
significantly less than in the corresponding control (3), there was a 
strong suggestion of decreased infection, and 6 and 7 together were 
significantly less than 3 and 4. Treatment 5, in which the cut surfaces 
of the setts were allowed to dry out after dipping, caused no reduction 
in the number of damaged stems. 

The effect of the three zinc oxide dip treatments on the subsequent 
invasion of the underground stems by runner hyphae was different 
from their effects on the organisms causing lesions. The fast-growing 
strains of Rhizoctonia that produced runner hjrphae and sclerotia 
seemed to have readily invaded the unprotected cut surfaces of the 
setts (6) without the encouragement of extra moisture, and later 
to have spread up the young shoots. On the other hand, the zinc 
oxide dip gave protection against these strains of Rhizoctonia when it 
covered the cut surfaces (5, 7), even when the surfaces were allowed 
to dry out after dipping (5). 

This differential effect on the two types of organism may have been 
due to differences in their powers of invading tuber tissue. The fast- 
growing surface-inhabiting forms of Rhizoctonia could not readily 
escape contact with the zinc oxide when it covered the whole surface 
of the setts, and their growth must have been checked continually 
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by its action. Tbe slower growing pathogenic strains, given a sufficient 
duration of favourable conditions, such as those produced by wetting 
the cut surfaces of the setts, might penetrate the surface cells and 
remain active, even though suberization may have cut them off from 
tbe underlying tissues of the setts. 

(iv) Organic Mergury Dip. 

There was very little evidence either of lesions or runner h3rphae on 
the stems from setts treated with the mercury dip on both skin and 
cut surfaces, the day before planting began (treatment 10). This 
treatment was useless as a practical measure of control, because of its 
serious effects on growth (Bald, 1947), but it demonstrated that a 
complete cover of an efficient fimgicide might almost eliminate the 
production of stem lesions due to infection from the sett. If 
tubers had been treated and planted whole, efficient control of stem 
lesions would probably have been attained. 

Neither of the other two mercury treatments produced a signifi- 
cant reduction in the number of damaged stems, presumably be- 
cause the cut surfaces were not in a condition to resist invasion by 
fungi capable of causing lesions on the stems. 

The different effects of the three mercury treatments on the 
subsequent development of runner hyphae were similar to those of the 
zinc oxide dip treatments. 

(v) Zinc Oxide-DDT Dmt 

The amount of damage to stems arising from setts treated with 
the zinc oxide-DDT dust was, in one important point, similar to the 
effects of those treatments on the setts themselves. There was 
evidence that the zinc oxide-DDT dust as a whole might have an action 
contrary to that expected of the zinc oxide component. This is 
evident from the results of treatment 13, in which the dust was 
applied to the cut surfaces the day before planting began, and the 
setts were kept in a humid atmosphere until planting. A thick 
coating of dust stuck to the surfaces and became damp by the with- 
drawal of water from the exposed and ruptured cells. In spite of 
the zinc oxide in the dust, a favourable culture medium for organisms 
that later produced lesions on the stems was apparently established 
and maintained on the tuber tissues beneath the dust. 

Whereas in treatment 13 the number of stems with lesions was 
greater than in the parallel zinc oxide dip treatment (7), treatment 
12, in which the dust was Hot put directly on the cut surfaces, kept the 
value for damaged stems at the same level as the corresponding 
zinc oxide dip treatment (6). The value for treatment 11 instead 
of being greater was less, though taken alone not significantly less 
than that for the corresponding zinc oxide dip treatment, 5, and con- 
trol treatment 2. It was however, low enough to demonstrate an 
opposite tendency in the action of the dip and the dust. Treatment 
11 aed the corresponding treatments 2 and 5, may be compared from 
this point of view with treatment 13 and the corresponding treat- 
ments 4 and 7. It was noticed that the dust on the cut surfaces 
of the s^s in treatment 11 encouraged rapid dehydration of the 
surface tissues. Thereby it discouraged suberization, but it may 
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also have discouraged the establishment of organisms, as much by 
its drying action as by the presence of zinc oxide. Fewer organisms 
may later have resulted in fewer lesions on the stems of plants in 
treatment 11. 

Compared with the zinc oxide dip, dusting favoured the strains of 
Rhizoctonia that produced runner hyphae. The total of stems with 
runner hyphae was, as a whole, significantly higher in the dusting 
treatments, 11, 12, 13, than in the zinc oxide dip treatments, 5, 6, 7. 
The tendency sdready observed for a higher value, following the mode 
of application in which the cut surfaces were not treated (12), 
was again apparent. Probably the zinc oxide in the dust had some 
repressive action on the development of the faster-growing surface- 
inhabiting forms of Rhizoctonia, which in part counteracted the 
effects of the fiUer-DDT components of the dust. 

5. Yield of Clean Sound Tubers 

To obtain an unbiased estimate of the effects of treatment on the 
incidence of scab and other defects of the tubers, sorting and weighing 
was done by farm hands without supervision. The grade standards 
were set beforehand. They were: — 

1. Over 3 ounces, clean and sound, reasonably good shape, no 
more than one or two small superficial scab lesions on any tuber, but 
a higher tolerance for Rhizoctonia sclerotia than is allowable in the 
best commercial grades. 

2. Similar to 1, but poor shape. 

3. Over 3 ounces, infected with scab or severe Rhizoctonia, 
cracked, distorted by spotted wilt infection, injured mechanically, or 
damaged by larvae of the potato moth. 

4. All tubers under 3 ounces. 

In the final analysis of yields, grades 1 and 2 were bulked, that is, 
the effects of treatment on the yields of clean sound tubers over 3 
ounces were examined. The results are in Table 2. Because of the 


Table 2. — ^Yield of Clean Sound Tubers, Grades 1 and 2 Combined. 


Treat- 

ment 

Yield 

Treat- 

ment 

ield 

Treat- 

ment 

\leld 

Treat- 

ment 

Yield 

Treat- 

ment 

Yield. 

Mean 

Yield. 



2 

23-6 

5 

1 

29-3 

8 

22 >3 

11 

240 

24*8 



3 

181 

6 

25*2 

9 

26-6 

12 

29-3 

24*8 

1 

22*4 

1 

4 

23-9 

7 

28-9 

10 

23-4 

13 

29-0 

26*3 

Mean yield 


21-9 


27-8 


24- 1 

- 

j 

27-4 


Significant difference between two treatment totals 

6*66 


different origin of the setts in treatment 1, the comparison of the 
yield with the yields for other treatments is not valid. Treatment 
with zinc oxide dip raised the yield of clean sound tubers on the 
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Avarage by 27 per cent One of the zinc oxide-DDT dust treatmaitr 
(11) failed to give an increase over the corresponding control (2), 
because the total yield was lower. As a whole, the dust treatments 
also gave a significant increase in yield of clean sound tubers. Of the 
mercury dip treatments, 8 and 10 equalled the corresponding control 
treatments, 2 and 4, in spite of much lower total yields. The other 
mercury treatment gave a significant increase. 

Of the nine treatments, six gave increases that were clearly or 
probably significant, and the other three were on the same level 
as the corresponding controls. All nine treatments gave a higher 
percentage of clean sound tubers over 3 ounces than the correspond- 
ing controls. 


6. Scab Lesions on the Tubers 

A method of estimating the extent of scab infection on the tubers 
was evolved for this trial. It was a variation of the method of Clark 
et. oZ. (1938) for the estimation of the percentage of tuber surface 
covered with lesions. Several lots of tubers, lightly infected, 
moderately and severely infected, were rated tuber by tuber in com- 
parison with the illustrations of percentage tuber surface covered 
with lesions, given in the paper quoted above. Also, two dimensions 
of each tuber, length and breadth, were measured. The product 
of these two dimensions was used to weight the rating for each tuber, 
and to give an approximate correction for the size of the tuber. The 
sum of the products for individual tubers, percentage surface covered 
with scab lesions X length of the tuber X breadth, was divided by the 
sum of the products, length x breadth. This gave an estimate of the 
percentage of the whole tuber surface of the sample covered by scab 
lesions. 

Standards were thus established, using samples such as are 
obtained from infected plants, each consisting of a number of tubers 
with various amounts of scab mixed with scab-free tubers. This 
provided a visual scale for comparison with plot yields. The plot 
yields were spread out on a fioor after they had been graded, each 
plot thus being represented by four grade lots. The percentage of 
tuber surface covered was estimated, by comparison with the stan- 
dards, for each of the four grades of each plot yield. As there were 
104 plots in the trial, the amounts of scab injury to 416 lots were 
estimated. A single value for each of the 104 plots was obtained 
by multiplying each grade rating by the weight of tubers in that 
grade, adding the four products, and dividing by the total plot weight. 
The 104 values so obtained were submitted to a full analysis. The 
analysis itself and previous trials showed the method to be consistent 
and reliable. 

The treatment means and the minimum significant difference 
between two treatment means are in Table 3. The percentages of 
tuber surface covered in the three infected controls were between 
4 and 5, and all other treatments were significantly lower. Some 
treatments gave partial control, others effective control of scab. Of 
the 9 dipping and dusting treatments, 5 were not significantly 
different from the controls planted with clean seed (treatment 1); 
these all ga^e partial control. They included two zinc oxide dip 
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Tablb 3. — ^Percentage op Total Tuber Surface Covered by Scab 

Lesions. 


Treat* 

ment. 

Pior- 

oent. 

Treat- 

ment. 

Per- 

cent. 

Treat- 

ment. 

Per- 
j cent. 

Treat- 

ment. 

Per- 

cent. 

Treat- 

ment. 

Per- 

cent. 

Mean 

Percent. 



2 

4-24 

6 

1-61 

8 

•40 

11 

1-04 

1-82 



3 

4*99 

6 

2-36 

9 

112 

12 

1-46 

2-48 

1 

2-12 

4 

4-60 

7 

•78 

10 

•62 

13 

1-89 

1-92 

Mean percentage 

4 68 

1 

1 

1-68 

•68 

1-46 



Significant difference between two treatment means 


104 


treatments, 5 and 6, one mercury dip treatment, 9, and two zinc oxide- 
DDT treatments, 12 and 13. In treatment 1 itself, there was a sig- 
nificant amount of scab, suggesting either soil-borne infection, or 
infection carried without visible lesions on the surface of the setts. 
The latter appears the more likely explanation, as two mercury 
treatments, 8 and 10, gave effective control of scab (0*40 and 0-52 
per cent, of surface covered). It appears unlikely that the treatment 
of the setts would give any protection to the tubers of the plants 
growing from the setts. 

The toxic effects of the mercury dip on the cut setts, and the 
resulting reduction of the leaf area and loss of yield, in practice, 
would make such treatments as-8 and 10 useless. The zinc oxide-DDT 
dust treatment, 11, also gave excellent control of scab, but caused 
a reduction in growth and total yield. The amount of scab in treat- 
ment 7 (0-78 per cent.) was not significantly greater than in the 
most effective mercury treatments, and emergence, growth, and 
total yield were not adversely affected. 

Comparing the percentage cover by scab lesions in the thirteen 
treatments with the percentage yield of clean sound tubers, an 
association between treatment means was clearly evident (Fig. 1). 
There were, however, irregularities in the association, which arose 
from the fact that scab was not the only reason for rejecting tubers 
from grades 1 and 2. Also, there was a general tendency for the 
higher yielding treatments to produce lower grade tubers, which 
further reduced the association. 

Because of the many variables in this trial, which might not be 
present or effective under other conditions, the most reliable estimate 
of the value of any treatment against scab is probably given by the 
total yield and the percentage cover of the tuber surface with scab 
lesions. By these criteria, the most effective control of scab was 
obtained from dipping the cut setts in zinc oxide suspension the day 
before planting began, and keeping them in a humid qjmosphere 
until planting (7). The next most effective was treat^g whole 
tubers in the organic mercury dip, and cutting them the day before 
.planting (9). The next was treating whole tubers with zinc oxide- 
DDT-pyrophyllite dust, and cutting before planting (12). 
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A difference of theoretical interest, evident in the treatment 
means, is between the methods of appl^^g treatments to the setts* 
On the whole, the treatments in which the cutt surfaces were treated 
(2, 5, 8, 11 and 4, 7, 10, 13) gave better control of scab than those 
to whidi the whole tubars were treated before cutting and the exposed 
surfaces were left unprotected imtil planting (3, 6, 9, 12). The 
results are in the last colunm of Table 3. 



Fig. 1.— Percentages of total yields consisting 
of clean sound tubers over 3 ounces in each 
of 13 treatments, plotted against percentages 
of tuber surface covered by scab lesions. 

There is an interesting comparison, also, between these values and 
the numbers of stems on which Rhizoctonia runner hyphae had 
developed 5 weeks after planting. The figures corresponding to those 
in the last column of Table 3 are 0-89, 1*85, 0-75. Where the cut 
surfaces were exposed after treatment, receiving no direct application 
of water, dip, or dust (3, 6, 9, 12), infection was higher than when 
the cut surfaces were also treated. Presumably, both the strains of 
Rhizoctonia that produced visible runner hyphae and sclerotia, and 
the Actinomyces causing sciib grew rapidly over the surface of the 
developing plant, and found the unprotected cut surfaces of the setts 
excellent sites for the establishment of colonies. Both extended from 
the setts, presumably up the stems, and then along the stolons to the 
developing tubaMa It will be shown later that this type of Rhizoc- 
tonia probably ^laso invaded the young tubers from the soil, and 
proMbed sclerotia on them when they were mature, completely 
swamping the effects of invasion from the setts. This was not true 
of the Actinomyces causing scab lesions, which, in this trial, must 
have arisen predominantly from the setts. 

7. Rhizoctonia Sclerotia on the Tubers 
The i|^mation of Rhizoctonia on the tubers was made on an 
arbitrary scale. A rating of 10 was given to a sample of tubers 
100 per cent, infected with a moderate coating of sclerotia. If about 
20 per cent were so infected, the rating was 2. The rating was 
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increased or decreased according to the number and size of sclerotia 
on individual tubers. Although the method was arbitrary, it was 
found, after standards were set, that two people rating the same 
lots independently recorded similar values. The method was reliable 
enough for the estimation of the incidence of Rhi^octonia in this trial. 

The mean ratings for Rhizoctonia sclerotia on the tubers are in 
Table 4. A value for each plot was obtained by rating the four 
grades independently, and combining the four grade ratings as for 
scab. The 104 values so obtained were analysed in full. 


Table 4. — ^Mban Ratings for Infection of Tubers with Rhizoctonia 

sclerotia. 


Treftt. 

mmit. 

Eating. 

Treat- 

ment. 

Rating 

1 

Treat- 

ment. 

Eating. 1 

Treat- 

ment 

Bating 

Treat- 

ment 

Eating 

Mean 

Rating. 



2 

2-21 

5 ) 

2-78 

8 

4*70 

11 

2*74 

3-11 



3 

2-13 

6 

2*85 

9 

3-98 

12 

3-56 

3*13 

1 

2-16 

4 

206 

7 

3-62 

10 

3*76 

13 

2-91 

3*06 

Mean Rating 

2-13 


3*05 


4 -IB 


3*07 



Signifioant difference between two treatment moana 


0*72 


Treating the setts, instead jpf reducing the incidence of Rhizoc- 
tonia sclerotia, increased it. Most of the increases from treatment 
were unmistakably significant. The greatest infection was in the 
mercury treatments, where the least might have been expected. 
Only one zinc oxide dip .treatment, 5, and one zinc oxide-DDT dust 
treatment, 11, failed significantly to increase the incidence of 
Rhizoctonia sclerotia on the tubers. 

The Rhizoctonia sclerotia and associated runner hyphae on the 
tubers were similar in type to those previously found on the stems of 
the young plants sampled 5 weeks after planting, amd it was natural 
to look for some association between the numbers of infected stems 
in each treatment and the Rhizoctonia ratings of the tubers dug from 
the plants in those treatments. No association was found between 
treatment means. 

This type of Rhizoctonia appears to have been a normal inhabitant 
of the soil, and to have invaded the developing tubers from the soil. 
As the tubers expanded, the mycelia, extended over them, and ulti- 
mately produced sclerotia, thus masking the effect of the initial 
infection. There were indications in the treatment means that, if 
the sclerotia due to infection could have been estimated and 
eliminated from the total ratings, an association would appear 
between the numbers of the stems with runner hyphae sampled after 
5 weeks, and the residues of tuber infection with Rhizoctonia 
sclerotia. 
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An underlying association may be Illustrated by crude graphical 
methods, based on a negative association between scab and RMzoctonia 
which will be Illustrated in the next section of this paper. The latter 
is assumed to give a measure of the sclerotia arising from soil*bome 
BMzoctonia. By estimating the soil-bome infection for each treat- 
ment and subtracting it from the treatment total, an estimate of 
the sclerotial infection arising from the setts may be obtained. 
These estimates could have been made by the objective use of 
partial regressions, but uncertainties that might still exist in the 
interpretation of the results hardly seemed to justify the labour of 
calculation. 


A freehand curve was drawn as accurately as possible through 
the graph of Rhisoctonia ratings plotted against percentages of tuber 
surface covered by scab lesions (Fig. 2). The curve was not linear. 



Fig. 2.— Relation between Rhizoctonia ratings of tubers from 13 
treatments, and percentage of tuber surface covered by scab lesions. 
A freehand curve is drawn as accurately as possible through the points 


Instead of attempting to obtain directly the residual Rhizoctonia 
ratings, representing sett-bome infection, the residuals were taken 
in the form of positive or negative deviations above or below the 
curve in Fig. 2. These residuals (Tlible 5) were plotted (Fig. 3) 
against the corresponding treatment means for numbers of stems, 
examined on November 29, ^^jjMrying visible runner hyphae (Table 1). 

Although these mettoSSs are not fully objective and the interpre- 
tation of the results is open to question, there is no doubt about the 
association between the quantities plotted in Fig 3. It suggests 
that runner l|p>hae of fast-growing strains of Rhizoctonia may in 
many iastandK have grown from the setts up the stems of young 
potato plants, along the stolons and on to the tubers. There they 
produced characteristic sclerotia as the tubers ripened. 
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Tablb 5. — ^RaKBDUAL Wiieoctonta RAxmas Repbhsbnting SBTT>Bosira 
iKnocnoN. DsPABTUBiis Abovb or Bblow thb Curve Drawn 
Trrouoh thb CteAPH OF RMzoctonia Ratings on Scab RATmos 
FOR Thirteen Treatments. 


Tnftt- 

meat. 

Bating. 

Treat- 

ment. 

Bating. 

Treat- 

ment. 

Bating. 

Treat- 

ment. 

Bating. 

Treat- 

ment. 

Bating. 

Mean 

Bating. 



2 

•09 

5 

1 

8 

•23 

11 


•04 



3 

CO 

o 

6 

•30 

9 

•46 

12 

•42 

•32 

1 

-•46 

4 

I 

1 

■ 

] 

10 

1 

— •56 

13 

•14 

-•23 

Mean Rating 

•02 

■ 

-•11 


•04 

i 

■ 

•23 




Fig. 3. — ^Residues of ratings for Infection of tubers with Rhtmoctonia 
sclerotia, after elimination of components presumably due to soil- 
borne infection, plotted against numbers of stems coated with 
RMiOCtonia runner hypfaae amongst those examined 20 days after 
emergence began. 

8. Negative Association between Actinomyces and Rhizoctonia 
(i) Between Treatments, 

It was obvious when the plot yields were laid out for rating that 
where the incidence of Rhizoctonia was high that of scab was 
generally low, and vice-versa. This negative association is illus- 
trated in the treatment means (Tables 3, 4). Using the 26 treatment 
means within blocks, a correlation coefficient was calaflated for the 
correlation between scab percentages &nd Rhizoctonia ratings. The 
value obtained was — 0-6374, which was significant. This value is 
an underestimate of the association, as, in calculating the correlation 
coefficient, linearity was assumed for the relation betweoi scab 
percentages and Rhizoctonia ratings, whereas the true rdation 
appears to have beoi curvilinear (Fig. 2.). 

0.1016/47.-4 
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Tliere was a possibility that this association was dtie to environ* 
mental conditions favouring one or other disease in restricted areas 
of soil, but a more likely explanation was an antagonism betwera 
Aettfumycea (or some associated organisms) and Rhizoctonia. It 
has been suggested that the growth habits of the two were similar, 
both extending rapidly over the siurface of the growing plant, and that 
the^najority of the Rhizoctonia sclerotia were derived from mycelium 
invading the young tubers from the soil. Presumably, where the 
Actinomyoea invaded the tubers first, it suppressed the development 
of invading Rhizoctonia. 

This implies that the Actinomyoea causing scab, or some organisms 
closely associated with it, extended over much greater areas of tuber 
surface than were actually covered by scab lesions. On the average, 
less than 5 per cent, of the tuber surface was covered with lesions, 
even in the most severely affected treatments. If the AcUnomycea 
were the only organism antagonistic to Rhizoctonia, and were 
present only in the lesioned areas, more than 95 per cent, of the 
surface would have been subject to invasion by Rhizoctonia, and 
little evidence of antagonism would have been obtained. 

(ii) Between Ratings of Single Tubers. 

Further evidence of antagonism between Actinomyces scabies 
and the strains of Rhizoctonia producing sclerotia was sought from 
the incidence of the two diseases on single tubers. It seemed 
unlikely that two sets of contrasting environmental conditions woiild 
exist around individual tubers. The persistence of a negative 
association at this level would be evidence of antagonism. 

There was already some evidence from the yields of single plants, 
that the negative association held for units of that size, but that 
it might be complicated by the effects of treatment. To prevent any 
serious complicating effect of treatment, the sample of single tubers 
examined was taken from the bulked grade 3 yields of treatments 
2 to 4. Each tuber was rated for both scab and Rhizoctonia. For 
scab, the illustrations of percentage tuber surface covered by lesions 
(Clark et al., 1938) were used as the standards of comparison. For 
Rhizoctonia an arbitrary scale, 0 to 6, was used, 0 representing free- 
dom from sclerotia, and 6, numerous relatively large sclerotia over 
the whole surface of the, tuber. The intermediate ratings, 1 to 5, 
represented increasing sizes and concentrations of sclerotia. Where 
a relatively large proportion of the surface was covered with pitted 
scab lesions, only that part of it free from scab lesions was considered 
in estimating the concentration of the sclerotia. 

A random sample of 175 tubers was examined and rated indi- 
vidually. The results are in Table 6, which is in the form of a con- 
tingency table. The distribution of frequencies suggested a negative 
association between the incidence of the two diseases. Where there 
were numerous scab lesions, the sclerotia as a rule were relatively few 
and smaU, and vice versa. The significance of the negative associa- 
tion was tested by calculating chi-sqiiared; the value obtained was 
58*83, which, for 12 degrees of freedom, was highly significant. There 
was in 4 this good evidence for the hypothesis of antagonism between 
Actinomyces (or closely associated organisms) and the strains of 
Rhizoctonia that produced runner hyphae and sclerotia. 
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Table 6. — Contingency Table, Two Way Classification op Single 
Tubers According to Ratings for Scab and Rhizoctonia. 


Rhizoctonia 

Bating. 

Frequencies. 


Scab — Percentage Surface Covered- 


0 . 

1-8. 

4-9. 

10-27 

28-100 

Total. 

0 

Actual 

4 

10 

11 

16 

22 

62 


Expected 

16-30 

12-40 

9-92 

12*40 

10-98 



Difference 

-12-30 

- 2-40 

1*08 

2-60 

11-02 


1 

Actual 

5 

12 

8 

13 

6 

43 


Expected 

11-30 

8-60 

6-88 

8-60 

7*62 



Difference 

- 6-30 

3-40 

1-12 

4-40 

- 2-62 

i 

2 j 

Actual 

18 

7 

5 

3 

3 

36 


Expected 

9-46 

7-20 

6-76 

7-20 

0-38 



Difference 

8-64 

- 0-20 

- 0-76 

- 4-20 

- 3-38 


.‘i, 4, 6 

Actual 

19 

6 

4 

4 

1 

34 


Expected 

8-94 

6*80 

6-44 

6-80 

6*02 



Difference 

10-06 

- 0-80 

_ 1.44 

- 2-80 

- 6-02 


Total 

46 

.35 

28 

36 

31 

175 


Chi-squared = 58 ‘83, P< 0-001. 


(iii) Examination of Scab Lesions and Rhizoctonia Sclerotia on the 
Tubers. 

A number of tubers was examined imder a hand lens with a 
magnification of 20. The tubers were wetted and held in the 
sun; under the lens the runner hyphae of Rhizoctonia were clearly 
visible. These hyphae formed a weft of mycelium between the 
sclerotia, and were widespread over the surface of infected tubers. 
Very often the hyphae ran along cracks in ihe skin of the tubers, 
and possibly deepened them by killing adjacent superficial cells. 
When the hyphae were very numerous, and their action relatively 
severe, sufldcient cells were killed to produce a silvery appearance. 
On such areas there might be many minute sclerotia, each formed 
from a few hyphae. Zones of this kind were generally found at the 
stem end of the tubers, suggesting that, in these cases at least, 
invasion of the young tubers had occurred by way of the stolons. 

The weft of Rhizoctonia mycelium was often thickest and most 
vigorous in the eyes of the tubers and covering the dormant buds. 
When the growing tips emerged, they oftyn lifted the web of hyphae 
with them. Examination with binoculars at a higher magnification 
showed continued growth of the mycelium. Sometimes the presence 
of active hyphae was associated with small lesions on the leaf 
primordia folded over the growing point; until the point itself was 
attacked, growth continued. The hyphae associated with these 
lesions on the growing tip were not as coarse or dark as the typical 
runner hyphae. 

In spite of such growth habits, when Rhizoctonia runner hyphae 
reached the edge of a scab lesion, which was neeu*ly always of the 
pitted type, they seldom descended into it; they turned aside and 
skirted it. Often the hyphae did not even penetrate between adjacent 
scab lesions, but skirted the intervening tissue as well as the lesions 




tiiemsdves. Sometlines sinuous runner hyphae were seen near and 
in scab U»lon8, superficially they had the same appearance as the 
mdiausted hyphae sometimes found in culture. No sderotla were 
seal in fully devdoped pitted lesions, even on tubers where there 
was a zonal distribution of scab and Bhizootonia. 

Occasionally on the surface of a tuber were lesions which appeared 
to result from the intoractlon of the two organisms. They had the 
appearance of suporficlal or sli£^tly raised scab lesions, consisting 
of a circle of more or less rectangular spots or freckles arranged like 
die numbers on a clock face. Along the radiating lighter-coloured 
areas were often Bhizootonia runner hyphae. The impression gained 
from examining a number of them was that they were initially scab 
lesions, diecked at an early stage of their development by the invasion 
and antagonistic action of Bhizootonia hyi>hae. They sometimes took 
on a concentric or irregular form, or merged into small zones of 
fredcling that had lost the appearance of a distinct lesion. They were 
similar to the type 4 scab lesion illustrated by Clark et al. (1938). 

9. Discussion 

Hie example described in this paper, of antagonism between two 
compcHients of the microflora of potato tubers, was probably not the 
only one. The mlcroflora on the underground portions of the potato 
plant seemed to be made up of components from both the sett and the 
surrounding soil. Throughout the data, gathered in this trial, on sett 
rot, stem lesions, runner hyphae on the stems, scab lesions, and 
Bhizootonia sderotla on the tubers, there were indications of positive 
and negative associations between ^e various microfioral components. 
Hiese associations were relativdy weak, and correlation coefflciencies 
mig^t reach the 1 in 20 level of significance only when values for one 
or more of treatments 1, 8, 10, or 11 were eliminated from the calcu- 
lation. However, in the mass, they created an Impression of interre- 
lated and antagonistic development that was suggestive of a definite 
microfioral population on the surface of the underground parts of the 
potato plant. 

The more effective treatments were shown to reduce the 
Aotinomycea that were carried on the sett and that finally extended to 
the developing tubers and produced pitted scab lesions on them. 
Probably also it affected the strains of Bhizootonia carried on the 
setts that were capable of forming sclo^tia on the tubers. If there 
were saprophytic elements of the microflora, not macroscopiccdly 
visible, that normally grew along the stems and stolons on to the 
developing tubers, their growth also would be more or less suppressed. 
The result of treating the setts would be equivalent to a peutial 
sterilization of the surface of the young plant, and the consequences 
might be a radical change in the ultimate constitution of the surface 
microflora of the plants because of invasion of organisms from the 
soiL If the soil contained organisms pathogenic to the potato plant, 
treatment of the setts could lead to increased infection by a reduction 
of the natural defoices of the plant, the saprophytes capable of 
antagonistie action against soil-bome pathogens. 

Al logical conception of plant protection arising from this 
picture of a microflora would be a method of destroying pathogens 
on the potato sett sdectlvely, leaving saprophytes capaUe of an- 



tagonistlc acticm unharmed. If that were impracticable, an altema* 
tive woiild be to destroy or suppress the whole microflora of the setts, 
and substitute one saprophyte or more capable of antagonistic action 
against soil-borne pathogens. 

Attempts to use antagonistic organisms for the suppression of 
plant pathogens have been made, e.g., Millard and Taylor (1927) 
added cultures of Actinomycea praecox to sterilized soil inoculated 
with A. scabies, and thereby reduced the A. scabies population to 
negligible proportions. When A. praecox was added to unsterilized 
soil infected with A. scabies, it failed to exert this protective action 
(Cioss, 1937). Of such attempts Garrett (1944) writes: — 

'* The special conditions favouring the development of antagonism, 
or parasitism of one microorganism on another, on the agar plate 
or in sterilized soil are therefore absent in unsterilized or natural soil. 
This may be concisely expressed by sasdng that natural soil is bio- 
logically buffered. For this reason “biological control” has often 
failed to fulfil in field trials its extravagant promise on the agar plate 
or in pots of sterilized soil.” 

Probably the potato setts fuid shoots are also “ biologically 
buffered.” Suppression of the population of the microorganisms on 
the setts that are responsible for the buffering action, reduces or 
eliminates it (see above); but this also might be used as the first 
step in introducing another population of non-pathogenic micro- 
organisms on to the setts, particularly on to the cut surfaces. 
It might be possible to select organisms from the normal surface 
microflora of the potato plant, or produce them by cultural methods, 
that are resistant to zinc oxide, or to some other efiOcient fungicidal 
or fungistatic agent. If such-orgemisms were found, potato setts 
might be treated with a mixture of the chemical agent and cultures 
of the resistant euid antagonistic saprophytes. The organisms might 
not need to be antagonistic in the sense that they caused actual 
damage to the pathogenic organism; they might need only to be 
strongly competitive. These organisms, freed of serious competition 
from the original microfiora of the sett, would then have to be 
capable of rapid growth over the surface of the emerging shoot, and 
of forming a protective coating on the underground stems, stolons, and 
tubers. They would be present on the plant to buffer it against 
invasion by soil-bome pathogens. They would need to have a wide 
range of adaptability if they were to be efScient in a wide range of 
soils. 

In this trial, infection of the tubers with Rhisoctonia sclerotia 
arising from the soil was of interest, because, as far as is known, the 
patch of soil in which the trial was planted had never grown potatoes 
before. Probably the strains of Bhizoctonia producing sclerotia were 
present as normal constituents of the soil microfiora, and were capable 
of surviving in a clean, well-cultivated fallow. 

Finally, in a summary of the efficiency of the treatments in con- 
trolling the diseases of the stem and tuber, number 7 again appeared 
somewhat better than the others (Bald, 1947). It reduced the num- 
bers of lesions on the stems to the same levd as did the mercury 
treatment, 9, which was the closest to standard practices for the con- 
trol of such diseases. Under the conditions of the trial, the reduction 
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of lemons on the stem gave no improvemoit in growth or condition 
of the plants; but field experience is that under otho* conditions, such 
lesions might spread and cause damage to the growing haulms. It 
seems likely, although it has yet to be proved, that treatment with 
zinc oxide might be a useful method of reducing Bkizootonia injury 
to the growing plant. 

Treatment 7 reduced the invasion of young stems by fast-growing 
runner hyphae of the less pathogenic strains of Rhimoctonia. In a 
soil not canylng a high population of such strains, this might result 
in some reduction of sclerotla on the tubers. It gave excellent control 
of scab when scab was causing a reduction in yield of the better-grade 
tubers. Ihe anomalous action of nearly all treatments on Infection 
of the tubers with Bhizoctonia sclerotla was shared by treatment 7 
in proportion to its efficiency in the control of scab. 

Treatmmt 9, which was not greats different from the standard 
mercury treatment, gave results similar to treatment 7, except that 
it did somewhat reduce the total yield, and did not control the runner 
hyphae on the stems. Treatment 12 was similar in its effects to 
treatment 9. 
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The Treatment of Cut Potato Setts with Zinc Oxide 
1. Condition of the Setts, Growth, and Yield 
By I G. Bald, MAgr.Sc., Ph.D. 

^dendum 

On page 102 of this article, Wich appeared in the last issue of the 
Journal, the following caption should have been inserted below 
Fig. 3:— 

Fig. 3. — Comparison ol leaf area, yield, and condition of the setts 
after allowance hae been made for the effects of unequal emergence 
on leaf area and 3 deld. Mean values for 13 treatments are shown as 
deviations above or below the regression curves for (a) leaf area, 
January A, on numbers of plants emerged by November 21 (Table 
4 b), ih) yield on numbers of plants emerged by January 21 (Table 
7), and (c> sett ratings from Table 1. 
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The Manna of Myoporum platycarpum R.Br. as a 
Possible G>mmercial Source of Mannitol 

By H. H. Hatt, B.Sc., PhD., and W. E. HiUis, A-G-Imt-Tech. 


Summary, 

M, platycarpum under conditions which still remain obscure, yields an 
exudate in which mannitol forms 60 to 80 per cent, of the total solids. 
This is not a unique phenomenon, similar exudates having occasionally been 
observed with other species, particularly the olive tree. 

The rates of production of exudate or manna have been measured 
throughout the year for a few trees. The total solids of the exudate vary 
from 13 to 26 per cent.; the manna to which it dries usually contains about 
90 per cent, of total solids, 70 to 80 per cent, of which is mannitol. In a 
year a single tree may produce 11 lb. of mannitol. Mannitol was present 
in the leaves (2*2 per cent.) and the bark (0*6 per cent.) of a healthy tree. 

A process for the large-scale isolation of mannitol from this exudate 
is described. Gum-like materials make crystallization and filtration of 
mannitol difficult, but these may be removed without the use either of an 
organic solvent or of charcoal, and mannitol of reagent-grade quality may 
be obtained by one crystallization in yields of 50 to 60 per cent. 

Mannitol is estimated by the method of Badreau. For its detection it 
18 converted to the tribenzylidene derivative, which can be prepared from 
mixtures of mannitol and glucose containing only 3 per cent, of the former. 
This method of detection is used in deciding whether certain bacteria can 
reduce glucose and other sugars. The melting point obtained for 
tribenzylidene mannitol is considerably higher than that recorded in the 
literature. Melting occurs with *decomposition. 

Before an attempt is made to decide whether large-scale preparation of 
mannitol from this manna is economically possible, there must be found 
a method of inducing exudation at will and maintadning it over a period 
of years. 

The annual yield of mannitol per tree is comparable with those of rubber 
and turpentine. 


1. Introduction 

When Maiden (1) showed in 1892 that the manna obtained from 
Myoporum platycarpum (“ sandalwood ”) was composed largely of 
mannitol he was the first to investigate its composition, though, as 
he stated, it had been described and brought to the notice of scientists 
many times previously. Later Fliickiger (2) published, under the title, 
“Australian Manna,” an able review of the knowledge of mannitol- 
bearing exudates. There, while admitting that this manna could 
replace Sicilian manna, he spoke also of the diminishing markets for 
it as a pharmaceutical, which is possibly one reason why this manna 
has since received little attention. It is true that, at the same time, 
he pointed to the remarkable fact that several other trees yielded 
exudates of high mannitol content, and of apparently closely similar 
composition, and recommended the determination of the conditions 
under which these are formed as a worthwhile task for biologists. 
However, his recommendations seem to have evoked no response. 



Since that time mannitol has become an important diemical of 
commerce. It therefore seemed desirable to examine the value of 
Uyoparum manna as a soiuce of mannitol and this paper describes 
a brief investigation of some problems associated wl^ the isolation 
of mannitol fr^ the manna. 

FlQcklger and Malden both knew that the tree was to be found in 
the seni-arid regions of all States other than Queensland and 
Tasmania and described the typical appearance of the manna, which 
is at first white or pinkish white, but with time becomes reddish or 
dark brown. They seem not to have examined the liquid exudate, 
from which the manna is formed by evaporation, and the mannitol 
content of the manna reported by Maiden is very high (89*65 per cent.). 
This figure was obtained by difference and is mudi higher than 
those we have obtained by direct determination. 

The cause of the exudation is still unknown. In investigations 
which proceeded in collaboration with ours, Fisher (3) characterized 
two bacteria which 2 u:e usually to be found in Ae exudate, but 
apparently are not the cause of its formation. Exudation can break 
out on a tree of any age and at any position: on the smallest twig or 
a few feet from the grotmd on a trunk 6 feet in girth. The condition 
is certainly one of disorder and at the seat of exudation the phloem 
is transformed to a yellow pulp. The appearance of exudation on 
small branches is rapidly followed by their death; on the larger 
branches and trunk exudation may cease, leaving large wounds from 
which the bark lifts exposing the blackened wood beneath. Trabut (4) 
describes the appearance of an olive tree producing exudate containing 
mannitol in words which could be applied equally well to U. 
fiatycarpum. 

2. Yields and Compositioiis of Exudates and Mannas 

Investigation of afflicted trees has been limited to a few localities 
in north-western Victoria, principally at Red Cliffs. No oueful 
survey has been made of the distribution of afflicted trees, but it was 
apparent during short visits made to the district that the proportion 
of such trees varies widely. Around Red Cliffs and especially in 
wril-watered positions a third of the trees in a group of 50 might be 
giving exudate. In the Yarrara State Forest, in one visit, only six 
afflicted trees were noticed sunong 300 examined. Around Lake 
Culluteralne tmd in the Werrimull district the proportion was even 
lower. 

The trees chosen from which to record the jdelds of manna and 
exudate were of fair size and exuding from the trunk. In this 
position we expected the exudatitm to continue for some time and 
it was on the trunk that it was hoped later to induce exudation from 
sound trees. The trees when sdected were producing copious amoimts 
bf exudate, but it was nbt known for how long they had done so and 
several ceased to (Unide shortly afterwards. Our resources only 
permitted us to few trees with the necessary complete analyses 

of the exudaMl' |HIWhrtheles8, the slender record suffices to show the 
order Wnm yield from a single tree. The exudate was collected 
by inslriiti|t!^(qx>uts just below the sites of exudation and attaching 
cups. The‘*yleld was measured dally and in Table 1 the monthly 
figures axe tfiven. 
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During the summer months the exudate solidifies almost as soon 
as it emerges (see Tree I. in Table 1) and throughout the greater part 
of the year, if not collected, most of the exudate solidifies on the tree, 
producing large lumps and stedactites weighing up to 1 lb. For 
example, in April, 1944, from a group of seven small trees of girths 
from 12 to 20 inches, 33 lb. of manna was collected. 


Tablb 1.— Monthly Yields of Exddate and Mannitol from 
Affucted Trees. 



Tree I. 
(Girth 40 in.). 

Tree n. 
(Girth 20 in.). 

Tree IH. 
(Girth 18 in.). 

Tree IV. 
(Girth 18 in.). 

Oronp of 
Seven Trees. 

Month. 

i 

p 

ll 

Yield. 

Mannitol 

Content. 

1 

>* 

i 

1 

1 

t" 

Mannitol 

Content. 


li 

ll 


1. 

(1942) 

g- 

1. 

g* 

1. 

g* 

1. 

(1944) 

g- 

1. 

g* 

Sept. . . 

7-4 

808 


. . 




1-2 

171 



Oct. .. 

6*7 

608 

, , 

. . 




1-3 

. . 



Nov. .. 

6-8 

811 

, , 

, , 




1-2 




Dec. .. 

3-6 

(1943) 

437 

2-6 

446 




1-2 




Jan. . . 

0-6 

76 

, , 

, . 




, . 

, , 



Feb. .. 

HESS 

179 

M 

298 




3*2 

585 



Mar. .. 

111* 

448 

t 





2*2 

335 



.^r. .. 

HEiS 

268 










May .. 

2*2 

278 



, (1944) 



t 


(19^) 

1830 

June .. 

2-8 

464 



2*2 

234 



8*6 

July .. 

1-8 

■ESI 



2-3 

236 




. . 

Aug. .. 

2-9 

279 



21 




7-7 

1790 

Sept. . . 

6-8 

664 



t 

. 

, 



8-2 

1905 

Oot. . . 

7*2 

■ESI 








6*4 

1625 

Nov. .. 

6-3 

697 



, , 





7-6 

2190 

Deo. .. 

4-6 

t 

981 




• 

* 






*The exudate concentrates and solidifies during the summer months. 

These are weights of manna in kg. 
t Ceased to exude. 
t Blown down. 

The detailed analyses of exudates given in Table 2 suggest that 
the considerable variation in the solid content is caused by varying 
eunounts of evaporation depending on the ambient temperature and 
humidity and the rate at which the exudate issues. -This view Is 
supported by the mudt narrower variation in the percentage of 
mannitol in the solids, for this rarely exceeds 80 or falls below 
60 per cent. Several factors operating after the exudate leaves the 
wound can explain much of this variation. Exudates are infected to 
varying degrees with yeasts, and the mannitol will fom a greater 
proportion of the total solids, the greater the extent to which the 
sugars of the exudate have undergone fermentation. It seems probable 
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IbUMflQM thftt tbe eouposltioa of tbe solids in Qw exua«te mm not 
♦ssy greatly Oram tree to tree or with the season. It might be 
(Mpected that on a basis of total solids, the proportion of mannitol in 
haanna would be greater than in the exudate, for the mannitol should 
crystallize before the sugars which might be lost in any liquid flowing 
away. Fractionation of this kind appears not to be marked. One 
very clean and crystalline manna from Red Cliffs contained 93 *8 per 
cent, of solids, of which 81-4 per cent, was mannitol and 1 per cent, 
ash. The mannitol content of this sample was unusually high. Two 
samples of manna, one a clezm 14 lb. sample from Yarrara, the other 
a single lump from near Lake Culluleraine, contained respectively 
89*4 and 90-9 per cent, of solids of which 78 and 73*5 per cent, was 
mannitol. These mannas came from districts 40 miles from whare 
the material of Table 2 was obtained and serve to confirm the relative 
constancy of the mannitol content. 


Table 2. — Composition op Exodates and Mannas. 


Tree 

Month 

Speclflc 

Gravity 

pH 

Total 

Solids 

Mannitol 

Content 

Mannitol 
in Total 
SoUdA 

Adh 

Total 

Sugars 

Alcohol 

Tree 

(1042) 

Sept. 

Djo 

1-068 

4*1 

% 

16-8 

e/ 

/o 

10*4 

e/ 

/o 

66*4 

% 

0-60 

% 

1-40 

%v/t 

4-8 

I. 

Oct. 

1*067 

4*1 

14*9 

10*2 

68*7 

0*64 

1*69 

3*6 


Nov. 

1*060 

4*0 

16*1 

11*3 

70*2 

0*73 

2*44 

3*2 


Deo. 

1*067 

3*9 

16*6 

11*6 

74*1 

0*76 

1*89 

1*4 


(1943) 

Jan. 

1*097 

4*4 

19*3 

13*9 

71*9 

1*76 


3*6 


Feb. 

Solid 


86*7 

53*8 

62*1 

10*9 




Mar. 

>t 


68-0 

40*6 

69*9 

4*69 




Apr. 

irfay 

»* 

, , 

69*7 

42-0 

70*3 

6-80 




1*077 

6*3 

17*8 

11*9 

66*6 

1*62 




June 

1*076 

6*3 

19*3 

14*3 

74*3 

1*31 




July 

1*066 

4 

13*9 

10*1 

73*7 

0*96 




Aug. 

1*068 

6 

12*8 

9*0 

70*6 

1*09 




Sept, 

1-066 

6 

12*7 

8-0 

70*4 

1*04 




Oct. 

Nov. 

1*066 

1*066 

6 

6 

13*2 

13*4 

10*3 

10*4 

78*6 

78*6 

0*71 

0*78 




Deo. 

1*121 

6 

^ 23*6 

19*1 

81*4 

2*12 



Tree 

n. 

(1942) 

Deo. 

1*101 

4*3 

23*9 

16*9 

66*2 

0*92 

2*26 

3*3 


(1943) 

Feb. 

1*160 

4*9 

32*4 

23*0 

70 9 

. . 


2*0 

Tree 

III. 

(1944) 

June 

1*067 

4 

n 

10*0 

61*4 

i 




July 


4 


9*7 

69*3 





Aug. 


6 

■n 

13*2 

63*6 


** 

** 

Tree 

IV. 

(1944) 

^pt. 

1*079 

6 

20*8 

13*4 

64*2 

1*34 




(1940) 

Feb. 


4 

23*8 

16*6 

70*0 

1*10 





1-078 

4 

21*2 

14*2 

66*8 

0-78 

•• 

** 
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Some more complete analyses of the exudate were made as a 
guide in developing a method for the isolation of mannitol. Methods 
of analysis are given in a subsequent part of this paper. The following 
is a typical composition: — 

Percentage Compoa^Um of Total Bolide. 

(Exudate for December, 1942, of Table 2.) 


Mannitol 

.. 74-1 

Reducing sugars (as glucose) . . 

.. 8-0 

Polysaccharides 

.. 4-23 

Protein (nitrogen X 6-25) 

.. 1*44 

Volatile acids (as acetic acid) 

.. 1-48 

Non-volatile acids (as lactic acid) 

2-96 

Total ash 

4*83 

(Alkaline ash as KjCX),) 

.. (3*06) 

970 


Although the exudate cannot be obtained by incision, there is 
evidence that mannitol production is not a result of a pathological 
<»ntiriitinn in Myoporum pJatycarpum. McDowell (5) found 0'20 per 
cent, in the green leaves and 0-25 per cent, in the undried wood of 
the New Zealand species Myoporum laetum, and Albert (6) isolated 
0-14 per cent, from the dried leaves of Myoporum deeerti. Much 
larger quantities are present in the leaves and bark of M. platycarpum. 
We isolated 2-2 per cent, of pure mannitol from the ^ied leaves and 
0-6 per cent, from the bark of healthy trees. While the ^sonal 
voriEtion of tli6 niaiinitol contont was not Gxaminod, tliis high value 
suggests that the mannitol in the exudate could well be produced by 
the normal metabolism of the tree. 


3. Isolation of the Mannitol 

Until recently mannitol of commerce had been prepared exclu^^ 
from Sicilian manna and it might have been expected that the methods 
of isolation used would apply to Myoporum manna. A satisfactory 
account of the methods employed is difficult to find and the litCTature 
available indicated that the processes used were not very efficient. 
Ruspini in 1848 (7) first developed a process that avoided the us^f 
alcohol and his seems to have been the one commonly i^. ^ 
manna was dissolved in a little hot water and the 
clarifying with egg-white, was filtered, cooled, and the crysta^e 
magma pressed and recrystallized froin water ^ter decolo^^vdffi 
charcoal. The proportion of mannitol recovered is not recorted, bjrt 
Scarlata (8), in 1921, commented adversely upon ffie m^od ^ 
sought improvement by introducing a cold-water wa^ of the 
to remove molasses before crystallizing the mannitol. He too g es 
no Indication of the proportion of mannitol isolated. 

Like these authors, we set out to develop a method of isolation 
which avoided the use of alcohol or offier organic 
exudate, which is at first an almost colorless, slowly tom^^ 
Uauid, with an odour charactertistic of mixed alcohoUc and acetic , 
fermentations, darkens with time and de^slts a 
sediment Boilinfif accelerates the darkening and the precipitatitti^ 
and after five or six hours, if the exudate Istoil^ 
with 2 or 3 per cent, of charcoal and filtered 
bf cornas only pale brown by further boiling and yields no predpitaM. 



This liquid can be concentrated under reduced pcwvace and the 
mannitol that then crystallizes on cooling is white. Such a method 
of isolation, while suitable for a few grammes of mannitol, failed 
for larger quantities, because the filters were quickly blocked by the 
small amounts of gum still present. Many other methods were tried, 
ftidiuding the use of larger quantities of charcoal and of other 
adsorbents, and tiie processes of single and double carbonatation as 
practised in sugar refining. None were suitable; they either needed 
too mudi costly adsorbent or involved filtration processes that were 
too slow. 

Except that the exudate contains mannitol whereas sugar cane 
juice contains sucrose, these two liquors resemble one another closely 
and ^e method of isolation we have developed for mannitol is a 
modification of one used in sugar refining. However, filtration was 
always difficult and the gums could only be removed in satisfactory 
manner on a Sharpies super-centrifuge. The procedure used for the 
removal of gums and precipitable matter involved four stages, at the 
end of each of which the liquors were centrifuged. In the first, coarse 
material was removed on a sieve and the finely suspended matter was 
afterwards separated in the centrifuge. The three subsequent stages 
consisted of (i) boiling, (ii) liming to an initial pH 9 followed by 
boiling, and (ill) the addition of trisodium phosphate to remove 
excess of lime. The optimum conditions for each operation were 
discovered by triaL It was found that less gums and impurities were 
removed if centrifuging after any one of these operations was omitted. 

When the liquors were boiled, highly coloured gelatinous material 
continued to separate for about ten hours, but as after four hours 
the precipitate did not cohere well and was difficult to remove in the 
centrifuge, boiling was limited to this period. About 60 per cent, 
of the total amount precipitable was removed at the end of four hours. 

In the darification with lime, we examined the dependence of the 
amount of organic matter precipitated upon the final pH of the liquid 
and the time of boiling. The amount increased threefold while the 
pH rose from 6-0 to 7*3 and began to decrease again at pH 8. Boiling 
for one or two hours was sufficient and the amount of organic matter 
predpitated decreased appreciably if it was continued for three hours. 
In liming, the clarification process known in the sugar industry as 
Fractional Liming and Double Heating (9) was used and slightly 
increased the amount of organic insoluble matter removed. The liquid 
was heated to boiling, sufficient milk of lime added to raise the pH 
to 8*0, and after boiling for an hour, during which the pH fell to 7*2, 
additional lime was added to raise the pH to 9*5, which fell in a 
further one hour’s boiling to 8*0. 

Precipitation of the excess lime with trisodium phosphate gave the 
best results when carried out at room temperatures. 

The organic materials precipitated in these four stages differ in 
oompositim. Most of the nitrogenous matter appears in the first 
pgrecipHafce, and the second is richest in carbohydrates. Table 3 
«oQe^ the analytical data for these precipitates. 

When once the gums had been removed, concentration of the 
aqueous liquors, cnystallization of the mannitol, and subsequent 
filtration proceeded without difficulty. Ccmcentration to a syrup 
containing 15-20 per cent of water gave the best yicfid of mannitol 
aad if Byrtxp was cooled dowly and stirred continuously the 
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Table 3.-— Clampication op Exudate. 



! 

Total 

Oomposition of Precipitate (" 

Gums ”). 

darlfloation Frooess. 

SoUds 

Precipitated. 

Ash. 

Protein 
(6*26 X N%). 

Reducing 

Sugars. 

HydrolysaUe 

Sugars. 

Centrifuging cold liquors . . 
Centrifuging boiled liquors 

% 

% 

% 

% 

% 

0*4 

17 

22 

2*8 

5 

0*1 

25 

8 

4*8 

17 

Liming .. 

0*9 

33 

0*5 

0*9 

11 

Lime removal with phosphate 

2*0 

38 



• • 


crystals were of uniform size. Although the liquors were dark brown, 
a good grade of mannitol was obtained without decolourizing. The 
crystals, after separation from the molasses, were washed twice with 
small amounts of a saturated aqueous solution of mannitol, and were 
then white and practically pure. 


(!) Preparation of Mannitol on a Laboratory Scale. 

The manna used was of good quality from the Yarrara district. 
It contained 69*8 per cent, of mannitol which formed 78*1 per cent, 
of its total solids. 2«8 kg. were dissolved in 9*5 litres of water, 
passed through a 10 mesh sieve to remove debris (twigs, leaves, and 
bark) and then through a laboratory Sharpies super-centrifuge 
running at 20,000 r.p.m. Details of the run are given in the flowsheet. 


(a) Clarification. 


Manna (2*8 kg.) 


Water (9*6 kg.) 


I Screened — 

V 

Liquor A. 

Centrifuge 

V 

Liquor B. 


Debris (1*8 per cent, 
of manna) 


•>0um8 A . — ^Dry wt. 
1*5 per cent, on 
manna. Mannitol 
content 17 per cent. 


Boil 4 hours, cen— B . — ^Dry Wt. 
I trifuge 0*07 per cent, on 

V manna. Mannitol 

I content 17 per cent. 

Liquor C. 

Lime (CaO) (1*1 per cent, on 
manna) as milk of lime, S.G. 

1*115 

Lime (0*85 per cent.) as milk of 
lime 


->— I pH 9*1, boil 1 hr. 
V pH 7*0 




pH 9*6, boil 1 hr. 
pH 8*0 


Centrifuge 


Liquor D. 


OufM C . — ^Dry wt. 
4*2 per cent, on 
manna. Mannitol 
content 21 per cent. 


Ka,P 04 * 12 H |0 (6*13 per cent. — > — Mix and oentrifuge->(7ttf»« 2). — ^Dry wt. 
on manna) added as 10 per I 4*8 per cent, on 

oent. solution y manna . Mannitol 

I content 20 per oent. 

Liquor E. 
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Liquor E was of pH 7*3, &G.J'' 1*074 and contained 17*8 per 
cmt total solids and 14*6 per cent of mannitol; 82 per cent of the 
total solids were mannitol. Larger proportions of gums were removed 
In this run than are recorded in Table 3, because they were not freed 
of the mother liquor which is rich in mannitol and other soluble 
substances. In commercial practice washing and recentrifuging the 
gums would not be feasible. Those In Table 3 were washed to discover 
the nature of the insoluble substances. 

(b) Crystallization. 


Liquor E. (11*5 litres containing 1*8 kg^ 
I mannitol) 


y Concentrate at 12 cm. > Distillate rejected 
I pressure 


Symp (2*78 kg., water content 21 per cent.) 

I Cool for 24 hours>1380g. Molasses (S.G. 
y with Stirling, 1*283) 
filter on cloth in 
basket centiifuge 

Residues 


Wash with 600 ml. of saturated — > — 
mannitol solution, mannitol 
content 100 g. 


— Wash liquor, 470 ml. 


Wash with 400 ml. of solution, — > — 
mannitol content 80 g. 


y 

Mannitol 


:> — ^Wash liquor, 360 ml. 


Dried at 100°C., yield 1310 g., m.p. 166-166®C. 


This represents a gross yield of 67 per cent. When the mannitol 
used in the wash liquors is deducted the net yield is 58 per cent. The 
molasses contained 30 per cent, of mannitol or a little over 21 per 
cent, of that present in the manna. Altogether 97 per cent, of the 
mannitol was accounted for and this figure lies within the total 
experimental errors of the various mannitol estimations. 

(ii) Isolation of Mannitol on a Pilot Plant Scale. 

The material available was suflacient for two larger runs. A good 
grade manna was used in the first, which suffered from the usual 
minor troubles and losses. In the second, reported here, a mixture 
of mannas was used, some of very low grade and containing much 
extraneous matter. 

No specially designed equipment was used in this work. A stain- 
less steel tank served as containing vessel for the clarifying processes 
and was provided with a closed steam coil and a mechanical stirrer. 
For concentration of the clarified liquors we used a converted 30-gallon 
iron digester, fitt^ with a 2-in. vapour outlet pipe, a water-cooled 
condenser, and a receiver for the distillate. The Sharpies super- 
centrifuge was run at 30,000 r.p.m. and the liquor was fed in at rates 
varying fnAn 25 to 35 gallons per hour and at a temperature of 35^0, 
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For the second isolation, 480 lb. of manna was used. It was 
dissolved in 80 gallons of boiling water and freed of debris (41 lb.) 
by passage through a 14-mesh wire gauze in a basket centrifuge. 
The liquors obtained (109 gallons) had a total solids content of 
30*4 per cent, of which 73*4 per cent, was mannitol. The manna 
therefore contained 276 lb. (57 *5 per cent.) of mannitol. 

Clarification which followed closely the laboratory procedure gave 
finally 122 gallons of liquor E which were concentrated at a pressure 
of 5 inches to a water content of 20 per cent. The syrup was 
discharged into drums and there cooled and stirred for three hours. 
After 24 hours the crystals were collected on 100-mesh gauge in a 
basket centrifuge, removed, stirred with a saturated aqueous mannitol 
solution, and recentrifuged. This washing process was repeated. The 
total saturated mannitol solutions used for washing contained 34 lb. 
of mannitol. The washed mannitol was dried at 100°C. at 2 inches 
pressure. It melted at 165-5 to 166 -5^0., weighed 173 lb., and repre- 
sented a gross yield of 63 per cent, (net yield, 139 lb. or 50 per cent.). 
Concentration of 3 litres of liquor E on a laboratory scale resulted 
in a gross yield of 61 per cent, and a net yield of 50 per cent. The 
lower grade of manna used in this pilot plant nm is therefore 
responsible for the lower yield rather than unrecognized factors 
introduced in increasing the scale of operations. 

Tables 4, 5, and 6 give the compositions of the molasses and of 
the various gums and liquors and show the distribution of the mannitol 
at the completion of the experiment. Some 98 per cent, of the 
mannitol is accounted for with 34-5 per cent, in the molasses. 


Table 4. — Analysis of Processing Liquors. 


1 

Liquor. 

S.G.f 

pH. 

Calcium as 
CaCO,. 

Total 

Solids. 

Mannitcd. 

A 



1*132 


0/ 

/o 

% 

30-4 

% 

22*3 

C 


, , 

1-120 

, , 

, , 

29-2 

21-7 

D 


, , 

1-120 

7-6 

0-63 

28-8 

21-4 

£ 

•• 

-• 

1*110 

7-0 


26-7 

19*6 


Table 5. — ^Analysis of Gums. 


Gum. 

Water Content, 

Dry Wei^t. 

Mannitol Content. 

Mannitol Content 


% 

ft>. 

% 

lb. 

Debris 

28 

41 



A 

44 

11 

22 

2-4 

B 

60 

2-6 

39 


0 

66 

6 

33 


D 

37 

22 

29 

6-3 




Total 

11-7 
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TABUD 6.— AKALTBBS of FlI.nAX8l8. 


iHtaite. 

8.0.f 

W«|ghe. 

Total 

SoUdfi. 

XiBllttfd. 

Mamittol 

Fresent. 


~~~1 

lb. 1 

% 

% 

lb. 

MolMsee . . 

1-296 

303 

69*4 

31*6 

96*4 

WiMk Liquor 1 

M72 

80 

2«-e 

21*2 

17-0 

Wiudi Liquor 2 

1-081 

06 

20-1 

19*3 

18-5 





Total . . 

180*9 


The melting point and almost white appearance of the mannitol 
Isolated in this run attest its high purity. It fulfils the requirements 
for reagent-grade mannitol (10). The products from laboratory and 
pilot plmit runs differ but slightly in composition as is shown in the 
comparison of analytical data in Table 7. The diloride ion and iron 
contents are reported because they are of importance in deciding the 
value of the mannitol for use in electrolytic condensers. As might 
be expected the mannitol from the pilot plant has a slightly higher 
content of iron. 


Tablb! 7. — ^Analytical Data for Mannitol Isolated. 


Bun. 

Melting 

Point 

Moisture 

Insoluble 
in Water. 

Total 

Ash. 

Ferric 

Iron. 

Chloride 
(08 KoCl). 

Sugon. 

Laboratory 

Scale 

166- 

166®C. 

% 

0*11 

% 

0*17 

% 

0-16 

% 

0 001 

0/ 

/o 

0*017 

Absent 

Pilot Plant . . 

166*6- 

166*6°C. 

0*07 

0*03 

0-06 

0*005 

0*016 

Absent 


4. Discussion 

(i) Isolation. 

A simple process has been devised by which 50 per cent, of the 
nuumltol of an exudate, or manna, can be isolated in a state of purity. 
Cionsidering how this yield could be increased, first it can be noticed 
that 10 to 12 per cent, of the mannitol remains in the wash liquors. 
These would normally be added to the next batch of manna and 
might be expected to raise the net yield to about 60 per cent. To 
Improve this figure appreciably, further mannitol must be recovered 
firom the molasses, which contains the greater portion of the remain- 
ing 40 per cent. On the laboratory scale an additional 8 per cent, 
of mannitol was recovered if the molasses was mixed with an equal 
volume of 75 per cent, aqueous alcohol, but so far no appreciable 
quantities of mannitol have been obtained fiom the molasses by 
processes which avoid the use of an organic solvent. 

When the, .clarified liquors were concentrated under reduced 
pressure, it was noticeable that any superheating caused carameliza- 
tion and reduced- the yields of mannitol. Prmimably caramo l tMtin w 
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was rest37lcted to the sugars present, for mannitol determinations on 
the molasses agreed with the amounts calculated to be there and 
were taken to show the absence of any appreciable formation of 
anhydro-mannitols. The process of isolation we have described was 
devised especicdly for the exudate. If manna should be the material 
processed, the removal of a large proportion of the sugars and hydroxy 
acids by a preliminary treatment might lessen the amount of molasses 
and increase the yield of mannitol. This could be done by mixing the 
manna with a small quantity of water and pressing, as Scarlata (8) 
proposed to treat Sicilian manna. Whether it would be economical to 
convert exudate to manna for submission to this process would depend 
on the resulting increase in yield. Further work in these directions 
seems unwarranted as long as the possibility of inducing exudation 
at will remains remote. 

(ii) A Comparison of Yields of Organic Compounds Prepared from 
Various Exudates, 

The present knowledge of the yields of manna make it certain 
that Myoporum manna is potentially a far superior source of mannitol 
than the manna of the Sicilian manna ash (Fraxinus omits). Accord- 
ing to Molinari (11) the Sicilian manna harvest continued throughout 
August and September and involved daily incision of the trees. The 
trees were planted about 1,800 to the acre and these in a season gave 
about 40 kg. of manna. He cites the mannitol content of the manna 
as 32-42 per cent., so that the yield of mannitol was about 10 g. 
per tree. Other more general accounts omit figures for the yields, 
but in the main confirm the laborious methods and low yields Molinari 
describes. Nevertheless, in 1918 over 200 tons of manna were exported 
from Sicily (11). Since then this manna has been superseded as a 
source of mannitol by glucose, froitf which the mannitol is prepared 
by electrolytic reduction. 

As shown in Table 1, Tree I. produced at the rate of 11 lb. (5 kg.) 
of mannitol per year. This yield is 500 times that from the Sicilian 
manna ash and, in fact, is comparable with yields of rubber and 
turpentine, which also are produced as exudates and are the raw 
materials for large organic chemical industries. According to 
Dorman (12) the annual yield of turpentine per pine tree in the 
U.S.A. averages about 8*3 lb. with single trees giving as much as 
12 lb. Memmler (13) quotes the average yield of rubber per tree 
as 20 g. daily or 2 kg. in a tapping season with single trees producing 
up to 200 g. daily or 12 kg. in a season. Both pine and rubber trees 
have long productive lives, whereas that of M, platycarpum is 
unknown. However, these comparisons do show that the yield is 
sufiSciently large to consider it as a probable economic source of 
mannitol. 

The 3 deld of mannitol can be viewed in another setting. Seth 
Smith (14) has shown that some land, wheh devoted to sheep grazing, 
returns no more than one shilling per acre per year, whereas like 
land with its natural planting of Eucalyptus dives returns annually 
over 12 shillings per acre when harvested for oiL Myoporum 
platycarpum grows in regions of low rainfall and its value for the 
production of mannitol and timber, and as a protection against erosion 
merits consideration. 

0 . 1916 / 47 .-€ 
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(iil) dUmmattm Methods for the Production of MmtMoi. 

ItMB piodiictian of mannitol by the electrolytic reduction of gbioosB 
iproved conunerdaUy tiie most successful of the many mediods 
j^copo^ (15). Wh«i the Atlas Powder Company commenced large- 
aeile manufacture by fliis method in 1937 the cost of mannitol in 
the UJS.A. was 4 dollars per pound. Pure mannitol is now maiiceted 
at 85 cents per pound and a commercial grade at 40 cents. Mannitol 
from manna would have to be produced at a competitive price, and 
in Australia this probably would be not more thw 4 or 5 shillings 
per pound for the pure compound. 

(iv) Cause of the Exudation. 

Fisher (3) has already discussed this subject and we intend (mly 
to emphasize that the formation of an exudate rich in mannitol is not 
peculiar to Myoporum pJatyoarpum. Fluckiger when he reviewed the 
knowledge of mannas mentioned two other mannas which closdy 
resembled Australian and Sicilian mannas. Since then several others 
have been described* and in the introduction, reference has already 
been made to the close similarity in the appearance of exuding olive 
and M. platycarpum trees. It seems clear that the formation of such 
an exudate is not restricted to any One species, but is a phenomenon- 
widdy, though sparsely distributed among plants. According to 
2anda (16), whether the Sicilian ash yields as exudate on Incision 
even depends on its location; for example, trees grown in northern 
Italy do not exude when incised. Perhaps 50 years afterwards is an 
opportune time to repeat Fliicldger’s suggestion that this phenomenon 
is one worthy of the attention of plant physiologists. 

5. Experimeotel 

(i) Mannitol Content of the Leaves and Barh of M.platycarpum. 

One kilogramme of leaves (collected in August from healthy trees 
were minced and boiled three times with 3 litres of water, the extract 
being squeezed firom the leaves through a silk bag. Preliminary 
ejqieriments had shown that steam distillation removed very little 
essoitlal oil and that a fourth extraction with boiling water po ntalntirt 
little if any mannitol. The aqueous liquors were concentrated at 
3 to 4 cm. pressure on a water-bath at 60-65°C. and when about 
100 mL in volume, the extract was mixed with two volumes of 10 to 
20 mesh quartz and dried in vacuum at 64°C. The dry material was 
extracted with absolute alcohol at its boiling point, the alcohol 

* Plants reported to give mannas of high mannitol content are: — 

Fraxinua omua L. and Fraxinus rotundifolia. 

Myoporum, platycarpum R.Br. 

Platanus crientalis: Jandrler, M. — CJt. Acad. Sd. Paris 117; 498 
(1893)* 

Olea Europea L. (the olive): Trahut^Ibid. 132: 225 (1901). 

ilndropo^on annulatus Forsk.: BlOcer and Smith.— ilpoth. Ztg, 12: 
326 (1897). 

Alhagi camelorum Fiseli. (Tarandjabine manna): Hudson, C. S., and 
Sherwood, S. P/*-/. Amer, Chem, 8oc» 40: 1459 (1918). 

Gardenia turgidaij^tsievy M. O., and Rao, K. A. N.— J. Chem. Soo. 
W: 2179 ttd25). 

Cape Verde Kanna (tree unidentified): Berthelot, D.— Ann. Chim, 
(8) id: 83 (1856). 
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evaporated and the product extracted with acetone. Evaporation of 
the acetone left a light brown crystalline material whldi after 
erystalUzation from alo^ol melted at 162'5-164*5°C llie hexa* 
acetate melted at 123 ’S^C. and did not depress the melting point of 
an authentic specimen. The bark of the tree was ground to 40 mesh 
and extracted in like manner. The results are summarized in Table 8. 


Table 8. 


! 

Material Used. 

1 

Moisture Content 

Yield of Mannitol 
(taoentage I 

Dry Baals). | 

MelUng Point of 
Mannitid. 

1000 g. Leaves 

% 

62-7 

2*26 

•c. 

I62>6>ld4«6 

860 g „ 

62 7 

2*20 

162 -164*6 

200 g. Sark 

11®6 

0 69 

164 -166*6 

300 g. „ 

11 6 

0*62 

166 


(ii) Analytical Metho&a. 

(a) The determination of mannitol in manna and in exudate. 

The methods lor determining mannitol in solution whidi 
investigations have shown to be least affected by the inesence 
of other substances, are those based upon the enhanced optical 
rotation which resiilts when certain inorganic acids or their 
salts are added. Borax has most used, but it requires the 
previous complete elimination of sugars from the sohititm. Sugars 
formed 8 to 15 per cent, of the total solid content of the exudates we 
received and it was not found possible to eliminate them by fermenta- 
tion. The substitution of ammoniiun acid molybdate for borax was 
recommended by Fr^rejacque (17) and its greater enhancement of 
optical rotation is an advantage, but since Salani (18) found the 
method applicable only when small amounts of sugars were present, 
we (hose the method of Badreau in which sodium arsenite te 
added (19). Although less accurate, for it cannot be tised wlA a 
mannitol concentration greater than 1*7 per cent, which, in a 4 dcm. 
tube, gives an enhanced rotation of only 1’26°, It has the advan- 
tage that relatively large proportions of sugars do not interfere. We 
have found glucose, sucrose, sodium acetate, and meta and ortiio- 
phosphoric acids without influence whoi present in amounts up to 
10 per cent, of the weight of mannitol. Larger quantities of sugars 
(concentrates of 20 per cent.) interfere, for on addition of the sodium 
arsenite solution the observed rotations differ from ^ calculated 
values as follows: — 


Sucrose 

Glucose 

Xylose 

Sorbose 

Lactose (10 per cent solution) 


—0-43® 
— 051® 
—1-46® 
-I-1-12® 
4-0.89® 
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Id the procedure adopted lor the determination ol mannitol, a 
tnfeasured volume (50 to 100 ml.) of die exudate, or of a 20 per cent 
•Obitlon of manna, was diluted to 200 ml., 2-6 g. of diarcoal added, 
Imd fte whole boiled gently for three to foim hours to remove alcohol 
acetic acid and to coagulate gums. Sodium hydroxide was then 
added until the pH was 8 or 9 to precipitate phosphates, after which 
the liquors were filtered, the charcoal washed repeatedly with boiling 
water, and the filtrates made up to 1 litre. Two 20-ml. aliquots of 
this liquid were diluted to 50 nd., the one with water and the other 
with Badreau’s sodium arsenite solution and their rotations determined 
at approximately 20°C. To obtain the maximum accuracy, determina- 
tions were made at several dilutions with one reading close to the 
maximum permissible rotation. In some determinations, prior to the 
use of charcoal, a lead acetate clarification was Introduced to remove 
hydroxy acids, which Badreau stated interfered with the determina- 
tion. Actually no change in the mannitol determinations resulted 
from this refinement so that it was used only occasionally as a check. 

(b) The determination of mannitol in cultures. 

In the peptone-water and Czapek-Dox cultures of the bacteria 
isolated by Fisher (loc. cit.) the estimation of mannitol was performed 
according to the method of Badreau after a clarification with lead 
acetate. No positive results were obtained. 

(c) Reducing sugars. 

The presence of glucose in the exudate was established by the 
dextro-rotation of the liquid and by the preparation from it of 
glucoseizone. This osazone was formed in a reaction time of five to ten 
minutes; it melted at 210°C. and possessed the characteristic 
glucosazone habit. Reducing sugars were estimated by the modified 
method of Munson and Walker, OfiScial Method, A.O.A.C., 1940, 500, 
which involves preliminary clarification with lead acetate and removal 
of lead as oxalate. 

(d) Polysaccharides. 

These sugars were hydrolysed by heating for fifteen minutes with 
20-9 per cent, hydrochloric acid and the resulting reducing sugars 
estimated according to Official Method, A.O.A.C., 1940, 494. 

(e) Volatile organic acids. 

The method of Fred, Peterson, and Davenport (20) was used for 
the estimation of volatile acids in the exudate, with the 
that to avoid distillation of any hydrochloric acid liberated by the 
pho^horic acid, a small quantity of silver sulphate was added. The 
presence of acetic acid in this fraction was established by preparation 
of the phoiylphenacyl derivative. 

(/) Non-volatile organic acids. 

The method of Fred, Peterson, and Davenport (20) for the estima- 
tion of lactic acid was used. The presence of lactic acid in this 
fraction was established by preparation of the phenylphenatyl 
derivative. " The non-volatile adds of the exudate were tested for 
succinic add according to the method of these authors. It was absent. 
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{g) Alcohol. 

Alcohol was estimated by distillation and determination of spedfle 
gravity. It was identified through the preparation of its 3 :5- 
dinitrobenzoate. 

(h) Total solids. 

The solid from the exudate lost weight continuously at 100-105®C. 
and the weight was recorded after (hying for 96 hours. 

(i) Ash. 

The total solids were dried overnight at 150-160®C. and afterwards 
brought slowly to 500°C. and ashed. 

(iii) The Precipitation and Determination of Gums. 

The optimum conditions for clarification have already been 
described as part of the method used for the isolation of mannitoL 
These were determined from a series of small-scale experiments 
upon 100 g. samples of exudate, from which the amoimt and nature 
of the gums precipitated were studied while the more important 
factors of infiuence were varied. It is not necessary to report these 
experiments in detail. Separation of the gums in fractional manner 
was adopted since it was considered likely that some precipitates 
would be peptized with a change in conditions, and in fact in practice 
the largest quantities of gums were collected when each fraction of 
gum was centrifuged separately. In the sugar industry it is known 
that 70 per cent, of the non-sugar substances eliminated by lime 
defecation can be fiocculated by heat alone. Moreover we found 
removal of these thermally unstable dispersed materials did diminish 
slightly the amount of lime required. 

In these experiments the gums were separated by batch centrifug- 
ing for one hour at 500 times gravity. The gums adhered firmly to 
the glass cups and their quantitative removal presented much difiSculty, 
until thin cellulose acetate sleeves were made for the cups. These 
were made in the usual manner by running in a solution of the resin 
(Hercules Powder L,M.I.) in ethyl acetate. The sleeves were about 
0‘002 inches in thickness and could be detached and dried to constant 
weight at 105°C. (two hours). For our purpose the amount of ash 
they contained was negligible (0-1 per cent.). The gums could thus 
be centrifuged into the sleeves, the liquors siphoned off, the gums 
stirred with 25 ml. of water, re-centrifuged, and, after the wash 
liquors had been removed, dried to constant weight. 

Gums A and B contained much iron, but very little calcium or 
phosphate. 

f 

For defecation the 'lime used was that supplied to the Colonial 
Sugar Refinery, YarraviUe, for carbonatatlon. Our sample contained 
78-8 per cent, of active Ume. Following Davies and Yearwood (21) 
we used the thick milk of lime of 15° B4 (180 g. lime per litre) which 
they reported to give greater elimination of non-sugars, a decreased 
turbidity and a lower residual ash. Gums C contained consida'able 
quantities of iron and phosphate. 
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It Is the practice In sugar refining to r«nove excess caldum left 
After defecation by the addition of trlsodlum phosphate. The caldum 
anui estimated vdumetrlcaUy according to LIngane (22), except that 
It was necessary first to remove colouring matters by evaporating the 
JSS mL aliquot to dryness with 10 mL of 12 N HQ, followed by 
re-solutlon in 40 ml. of boiling water and neutralization, before 
predpltation of the caldum oxalate. 

Esthnatimis of protein (indirectly as nitrogen), reducing sugars 
and hydrolysable sugars in the gums followed mainly well>known 
ixrocedures. 


(tv) Tk$ Conversion of Mannitol into Tribemylidene Mannitol as a 
Means of Detection in the Presence of Sugars. 

Although the method of Badreau for the detmnination of mannitol 
is relatively free from interference by sugars, the low rotations 
measured Introduce uncertainty into determinations of small quan- 
tities of mannitol and there was a need to support these determinations 
by demonstrating the presence of mannitol through the preparation 
of a derivative. The preparation of tribenzylidene mannitol was 
selected for trial and the method finally used was a slight modifica- 
tion of that given by Fischer (23). Mannitol (2*5 g.) was shaken 
with hydrodiloric acid of density 1*17 (7'5 ml.) until it had dissolved, 
when fredily distilled benzaldehyde (5 ml.) was added and the 
reaction mixture was shaken imtil It had set to a solid mass. After 
allowing to stand for 24 hours, ice-cold normal sodium hydroxide 
(95 ml.) was added to the reaction mixture with agitation, and the 
liquors subsequently made alkaline with normal sodium carbonate. 
The product weis taken up in chloroform, water added, and the 
benzaldehyde removed in steam. (Removal of the first aqueous layers 
before steam distillation suppressed the formation of gums from the 
sugars. In a simple preparation of tribenzylidene mannitol these 
aqueous liquors need not be removed.) The residues were again 
dtesolved in chloroform, freed of benzoic acid by washing with sodium 
carbonate solution and with water, dried, and the solvent removed. 
The residues weighed 5*5 to 5'6 g. (90 per cent.) and melted at 
217-220'’C. They were further purified by crystallization from 
benzene. 

Various modified procedures were tried, but the above proved 
most suitable. The hydrochloric acid used in the preparation could 
be reduced to O'l ml. if 7 mL of acetic acid and 4 ml. of acetic 
anhydride were also added, but the yield was then only 70-75 per cent. 
An 80 per cent, yield was obtained using 0-3 mL of 60 per cent, 
perchloric acid alone, which w^ls raised to 90 per cent when the 
amount of benzaldehyde was doubled. Using a like excess of 
benzaldehyde a 90 per cent, conversion of mannitol to its derivative 
was obtaii^ in the presence of 1 mL of 90 per cent (S.G., 1*75) 
phoqthoric add. When attempts were made to drive Ihe reaction 
to completion by azeotropic removal of the water with ethyl acetate 
no tribenzylidene mannitol could be Isolated. 

Benzalating according to the chosen method. It was foimd that 
0*06 g. of mannitol could be detected in the presence of 40 times 



its weight of glucose (2*5 g.) or twenty times Its weight of sucrose. 
Die trlben^ylldeie mannitol first obtained from treatment of such 
nolxtures was very Impure, but the amount sufficed for the preparation 
of a pure specimen by several crystallizations from benzene-petroleum 
ether. By Badreau’s method 2 or 3 parts of mannitol can just be 
detected In the presence of 100 parts of glucose so that this derivative 
can be used to detect mannitol at about the same dilution. 

Both methods were employed to decide whether mannitol had 
been produced In Czapek-Dox or peptone-water cultures of the bacteria 
Isolated by Fisher (3) from exuding portions of Myoporum 
platyoarpum trees. In the attempted Isolations of trlbenzylldaie 
mannitol, 100 ml. of the culture was concentrated on a water bath 
under reduced pressure to a thick syrup, shaken with 39 per cent. 
h}rdrochloric acid (15 ml.) until it had dissolved and then for two 
hours with benzaldehyde (10 ml.). After standing 24 hours the 
product was worked up In the numner already described. As stated 
by Fisher, mannitol wu not found in the cultures. 

(v) The Melting Point of Tribemylidene Mannito. 

Use of this compound as a derivative drew our attention to the 
wide range of vedues reported for its melting point. Values from 
207°C (Meimier (24)) to 224°C. (Pette (25)) have been assigned, 
the range 213-219 °C. being commonest. We have found that after 
repeated crystallization either from chloroform or benzene, the 
melting commences at 224°C. but is not complete until 230-234°C. 
This behaviour can be explained by thermal decomposition, for 
tribenzylidene mannitol liquefies completely when kept for three hours 
at 205°C. or for 7 hours at 19S°C., and before these times sublimates 
of benzoic acid can be seen. However, when the compound is plunged 
at 224°C. into a bath of rising temperature, it melts at 225-227°C. 
suggesting that higher melting points result from dimorphism or the 
interconversion of stereoisomers. No separation into fractions of 
different properties has so far resulted from fractional crystallization 
of tribenzylidene mannitol. 

Our pure material gave [a]“, —16 '2° in chloroform (C, 8*3 per 

cent.). Pette reported [o]”, — 16'5® in chloroform (C, 7*019 par 

cent.) and Patterson and Todd (26), [a]”, — 15*5® in chloroform 
(C, 1*056 per cent.). 
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Furfural : A Pilot Plant Investigation of Its Production 
from Australian Raw Materials 


By L Brown, BSc. (Horn,),* E. F. Symons,’^ and B. IV. IVilson, MSc.* 


Summary. 

A pilot plant investigation of a single-stage digestion process for the 
production of furfural from oat-hulls and maize-cores is described. The 
variations in yield obtained over a wide range of operating conditions are 
given, together with the data necessary for the design of full-scale 
digestion equipment. 

A critical study of the recovery of furfural from the digestion products 
by distillation is described and the necessary data are given for the design 
of column condensers. 

The cost of production of furfural in Australia from oat-hulls was foimd 
to be approximately Is. per poxmd, based on a plant designed for the 
production of 200 tons of furfural per year. 

1. Introduction 

The purpose of the work described in this paper was to collect and 
summarize previously published data on the manufacture of furfural 
and to design and operate a pilot plant suitable for the production of 
furfural from Australian agricultural waste materials. Sufficient 
data were obtained to permit the rational design of a large-scale plant 
to suit Australian conditions and to permit a preliminary estimation 
of production costs. 

Furfural is produced in aqugous solution by the steam distillation 
under pressure in the presence of a catalyst, of a wide variety of 
agricultural wastes such as oat-hulls, maize-cores, and other cellulosic 
materials and is recovered from the ffistillate by fractional distillation. 
The earliest commercial development of this process occurred in the 
United States of America where attempts (1-7) were made to derive 
useful products, in pfiu-ticular furfural, from maize-cores and later 
from oat-hulls (8). A pilot plant investigation by La Forge and 
Mains (9) showed that the industrial production of furfural was 
economically feasible, and work on the distillation of furfural solutions 
by Mains (10, 11, 12) greatly facilitated the development of the 
commercial production of furfural. The industry developed rapidly 
after the introduction of a process for refining lubricating oils (13) 
in which furfural is used as a selective solvent. The design and 
operation of plants developed during this period has been described 
by Killeffer (14) and Brownlee (15). In contrast to the development 
of American processes, European industry has favoured processes in 
which furfural is produced in conjunction with pulp or alcohol (16, 
17, 18). Recently this type of process has been re-investigated in 
America (19) with a view to the simultaneous production of furfural 
and alcohol from agricultural wastes. 

The main difference between these processes is in the methods 
employed for digestion. In the American process the pentosan 
hydrolysis and the dehydration of pentoses to furfural are carried out 
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In a single stage using hifi^ pressure or superheated steam. The 
Suropean jnuoesses em^oy a two>stage digestion consisting of a low 
temperature pentosan hydrolysis followed by the ddiydratlon of the 
pmitoses at elevated temperature after their separation from the 
odlulosic matmial. Both types of digestion can be carried out batdi* 
wise or continuously. 

Ih selecting a suitable digestion process for pilot plant develop- 
ment, continuous methods were eliminated because of the probable 
small demand for furfural in Australia, and the use of superheated 
steam was avoided because of the expected difficulties of agitating and 
discharging the semi-solid mass from the digester. The process 
sdected for investigation was the single-stage digestion and steam 
distillation of the pentosan-containing material at elevated pressure 
in the presoice of dilute sulphuric add. Also, some aspects of a 
two-stage process were investigated by Wilson*. 

Furfural can be obtained from any pentosan-containing material; 
tile most favoured matmlals for its production are oat-hulls and 
maize-cores, although such diverse materieds as rice-hulls, flax-shives, 
straw, and wood have been used (20). A survey of the potential 
raw materials in Australia which took into account their pentosan 
content and probable costs, led to the choice of oat-hulls as ffie main 
raw material for this investigation, because in Australia oats are 
milled at centres dose to existing chemical industries while maize is 
milled at country centres. 

The major use of furfural is as a cheap solvent and particularly 
as a selective solvmit in the refining of lubricating oils, but its chief 
uses in Australia are as a substitute for formaldehyde in phenol 
formalddiyde resins and as a solvent in the paint and coatings 
industries. 

For convenience in presentation the description of the work heis 
been divided into the following sections: — 

The Process Study of the Digestion. 

The Pilot Plant Investigation of the Digestion. 

The Recovery of Furfural from the Digestion Pitxluct. 

The Cost of Furfural Production. 

t. 

2. The Process Study 

Before designing the pilot plant it was necessary to have some 
knowledge of the relative importance of the variables of the digestion 
process, and, in particular, it was necessary to know the limits within 
which the pilot plant would be required to operate. 

These variables were as follows: — 

1. Pressure and temperature of operation. 

2. Catalyst concentration. 

3. Period of digestion. 

4. Steam throughput. 

5. Liquid/solid ratio. 

6. Vype and degree of agitation. 
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Some of this information was available in the literature, but to 
tietennine the remainder and to verify published results for Aus* 
ItaUan raw materials a study was undertaken in equipment available 
at the time. 

<i) The process equipment. 

Hie digester used for the process study was a copper>lined, mild 
steel, steam-jacketted unit designed to operate at pressures up to 
200 lb./sq. in. Hie digester, which was 24 inches in diameter by 
24 Inches deep, was fitted with a slow-speed paddle-type stirrer, a 
filling opening, vapour outlet line, waste discharge valve, and all 
necessary pressure gauges and safety valves. Live steam was intro- 
duced just above the waste discharge valve and the furfural laden 
vapour wets passed through the vapour outlet valve and an orifice-type 
flowmeter to a copper condenser. The condensate was collected in a 
copper tank mounted on platform scales. 

(il) The operattng procedure. 

Hie digester was diarged with 60 lb. of air-dry oat-hulls and the 
required quantities of water and sulphuric acid. Steam was intro- 
duced into both the digester and the jacket and the required digestion 
pressure was obtained in about five minutes. To prevent excessive 
condensation of tlie live steam in the digester, the jacket pressure was 
adjusted to exceed the digestion pressure by 25 lb./sq. in. throughout 
the running and blowing-down periods. 

The vapour outlet valve was adjusted to give the required con- 
densate rate and the digestion pressure was maintained constant by 
controlling the live steam infMit. On completion of the digestion the 
digester pressure was reduced to atmospheric over a period of 30 to 
60 minutes and the spent material discharged. Samples of the 
aqueous condensate were taken at intervals during the digestion and 
subsequently analysed to determine the rate of furfural producticm; 
the total product was sampled to determine the over-all yield. 

<i!i) Analytical methods. 

Furfural . — ^The furfural content of aqueous furfural solutions was 
determined by a modification of the method of Hughes and Acree (21). 

About 150 g. of crushed ice, or sufScient to maintain the 
temperature of the solution at O^C. during the titration, is placed 
in a 500 ml. iodine flask and a 25 ml. aliquot of the furfural solution 
containing from 50 to 100 mg. of furfural added. To this mixture 
is added 25*00 mL of decinormal potassium bromate solution con- 
taining 50 g. per litre of potassium bromide, the ice-cold mixture is 
quickly acidified with 17 ml. of concentrated hydrochloric acid, and 
the stoppered flask is shaken and edlowed to stand lor from five to 
seven minutes with occasional shaking. After the addition of 10 mL 
of an aqueous solution of potassium iodide containing 150 g. per 
litre, the mixture is titrated with decinormal sodium thiosulphate. 
One mL of decinormal potassium bromate is equivalent to 0*00480 g. 
of furfuraL 
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Hie method was checked using solutions made from furfural 
carefully purified by the method of Evans and Aylesworth (22) and 
file re^ts compa^ with those obtained using the gravimetric 
thlobarbituric acid method of Mackney and Reynolds (23). The results 
of the comparison are ^own in Table 1. 


Tablb 1.— a Comparison or ANALYncAL Mbthods for Furfural. 



Weight Peieentage of Fnifonl. 

Error In 

Kg. JFunum 
per AUqnot. 

Ai 

Weighed. 

Onvimetilo 

Method. 

Bromate Method. 

Bromate 

Estimation. 

10-36 

1-036 

1*045 

1-092 ± 0-112 

% 

± 10 

27-00 

2-695 

2-610 

2*736 ± 0-138 

± 6-4 

SI -80 

1*036 

1-046 

1.047 i 0-011 

± 1*0 

67-38 

2-696 

2-610 

2*710 ± 0-026 

± 0-92 


The errors shown for the bromate method represent the errors 
due to those of the burette readings made in the standardization of 
the solutions and in the analysis. 

These results show that the bromate method has an accuracy of 
1 per cent, when using S3mfhetic solutions of furfural containing at 
least 50 mg. per 25 ml. aliquot. 

Solid raw materials were analysed for furfural by distilling 
samples with 12 per cent, hydrochloric acid (24) and determining the 
furfural content of the distillate by the bromate method. 

(tv) The study of the process variables. 

An indication of the optimum operating conditions for the 
production of furfural from both oat-hulls and maize-cores was 
obtained from a series of experiments in which the effect of each of 
the process variables was studied over a wide range. 

The results of this process study are shown in Figs. 1 and 2 and 
indicate that the best yield of furfural from oat-h ulls is obtained 
when the operating conditions are in the following ranges: — 

Catalyst concentration, 1«0 to 1*5 lb. of 93 per cent. H^SO^/lOO lb. 
dilute acid. 

Working pressure) 128 to 140 lb./sq. in. (gauge). 

Liquid/solid retio, 0*5 to 2’0. 

Steam 1hrom^b|Hit, exceeding 65 lb./(hr.) (100 lb. oat-hulls). 

The opthUum period of digestion was found to be from 3 to 4 
hour! At working pressure. 

Hie results obtained with maize-cores were substantially the same. 

Xlptwghout this work the raw materials were weighed in an alr- 
dqy c^dltion as they were received from storage under cover and all 
lire expressed on the air-dry basis. The best percentage 
^Moveries of furfural from oat-hulls and maize-cores were 57-2 and 
vespecttvely, indicating that factors other than these operating 
WmStions play an important part in determining the yield of furfuraL 
Plese limiting factors are discussed in an accompanying papa*. 





FlQ. 1. 


Under the optimum conditions for furfural production from oat- 
hulls 1*4 lb. of acids (expressed as acetic) were produced per 100 lb. 
of raw material at a concoitration of 0*72 per cent, in the condensate, 






an 

ivhlle tile correspoQdliig figures lor maizecores were 2*25 Ib./100 at 
a ooDoentration of 0*6 per cent The quantity of acetic acid was 
fowid to increase with increasing catalyst concentration. 

Flax shives were also investigated as a raw material for furfural 
production but were found to be unsatisfactory because of the 
relatively poor yield obtained, their low bulk density of 7 lb./cu. ft 
and the difficulty encoimtered in manipulating this long-fibred 
material. The best yield of furfural obtained from flax shives was 
from 6 to 7 lb./100 lb. in an aqueous solution containing only from 
1*0 to 1*5 per cent, of furfural. 

Pbocbss Study with Maizb-Corbs. 

Furfural yield in 3 hour runs. 
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(v) The detenniiiafioii of additional data for pilot plant design. 

Experience gained during the process study showed that it would 
be essential to control accurately the flowrate of live steam to the 
digester and the amoimt of indirect heat supplied, to maintain a 
constant liquid/solid ratio throughout the digestion period. It was 
also found to be essential to provide agitation, to increase the 
depth : diameter ratio of the digester because of the considerable 
decrease in the bulk of the raw material in the early stages of the 
digestion, and to provide a Alter for the removal of wax from the 
condensate. 


3. The Pilot Plant Investigation 

(1) The pilot plant. 

The pilot plant digester and auxiliary equipment, which is 
Illustrated in Plate 1, was designed for the digestion of 300 lb. of oat* 
hulls per batch and was arranged on three levels. The uppermost 
level housed the mild steel charging hopper of 30 cubic feet capacity, 
a 50*gallon copper dilute acid tank, and the condenser which was a 
horizontal, four-pass, floating-head unit with fifteen i-in. diameter, 
13-gauge copper tubes per pass. The central operating level housed 
the digester, the Instrument panel, the 180 gallon capacity coppo: 
condensate tank mounted on platform scales, and a condensate Alter. 
Two copper condensate storage tanks each of 230 gallons capacity 
were mounted below the operating level and a mobile rectangular 
mild steel tank of 32 cubic feet capacity was provided at grotmd 
levd for the removal of the residue discharged from the digester. 

The vertical cylindrical Qflrester, 5 feet lon^wd 2 ft. 6 in. in 
diameter, which was fabricated from i-in. valfK sted plate, was 
provided with a 3-ln. bronze gate valve for discharging, a live steam 
Inlet, and a footst^ bearing for the stirrer shaft. The flanged ditiied 
cover, which had an 8-in. diameter filling opening, a central stirrer 
mounting, and a 2-in diameter vapour outlet, was attadied to the 
digester body with forty i-in. diameter high tensile steel bolta 
The body and cover were lined with 10-gauge copper which proved 
satisfactory throughout this work. Indirect heating was provided by a 
steam coil of ten turns of 1-in. diameter copper tube spaced at li-in. 
centres and moimted 2 inches from the walls of the digester. The 
stirrer consisted of three pairs of bronze paddle blades rotating at 
32 r.p.m. and driven through a reduction gear by a 3-h.p. electric 
motor. 

All control valves and measuring instruments were situated on 
the instrument paneL The live steam entering the digester was 
measured with an orifice flowmeter actuating -an electrically 
indicating mercury manometer. The vapour flow from the digester 
was controlled from an orifice flowmeter but was measured by direct 
weighing of the condensate. Pressure, both in the digester and in 
the steam coil, was determined by calibrated pressure gauges, the 
volume of condenser-water by a calibrated positive displacement 
water meter, and the stirrer power consumption by a kilowatt-hour 
meter. 



(11) Method of opevatton. 

The digester was charged with 300 lb. of raw material and the 
required quantity of dilute acid. Live steam was admitted at the 
rate of 300 Ib./hour to sweep air from the digester through the 
filling opening, the digester was then closed and the live steam rate 
adjusted to permit the attainment of working pressure in from 45 to 
60 minutes. Stirring was commenced when the digester pressure 
reached 40 to 50 Ib./sq. in. and, just before the working pressure was 
reached, the steam pressure in the heating coil was adjusted to 
exceed the working pressure by 15 Ib./sq. in. The live steam inlet 
and vapour outlet valves were then adjusted to give the desired rate 
of steam throughput and, during the digestion period, the working 
pressure was maintained constant by the adjustment of the steam 
pressure in the heating coil. 

At the conclusion of the digestion period the live steam valve 
was closed and the rate of vapour discharge increased to about 
300 Ib./hour to reduce the digester pressure to atmospheric in 30 
minutes. 

Readings of gauges and meters were recorded at five minute 
intervals and condensate samples were taken when required. The 
total condensate was weighed and sampled and then allowed to cool 
overnight before filtering and storing for subsequent distillation. 


(lii) Experimental results from the pilot plant investigation. 

(a) The Effect of Variation of Operating Conditions on the Yield of 

Furfural. 

The experimental results obtained with oat-hulls in runs of three 
hours duration at working pressure are shown in Table 2 and the 
results obtained with maize-cores in similar runs are shown in 
Table 3. These results indicate the variation in yield of furfural 
which may be expected by varying the conditions of digestion. 
Results obtained with rice-hulls, hardwood sawdust, and fiax shives 
are compared with those for oat-hulls and maize-cores in Table 4. 
The operating conditions used in these latter experiments were not 
necessarily the optimum ones for each material. 

(b) The Effect of the Period of Digestion on the Yield and 

Concentration of Furfural. 

The digestion period can be divided into three parts, the period 
required to achieve the working pressure, the period at the working 
pressure, and the period required to reduce the working pressure to 
atmospheric or the “ blow-down ” period. 

The results of runs of different duration, using oat-hulls and maize- 
cores, and having tihte condensate from the working period and 
blow-down period eoUqcted separately, are shown in Table 5 and in 
Figs. 3 and 4. 

The furfural concentration in the vapour from the digester 
throughoq^l^ a typical five-hour run and during the blow-down” 
period d$M thr0S0 and four-hour run is shown in Fig. 5. 



(c) The Use of Sodium BiauJphate as Catalyst. 

It has been suggested (25) that the addition of metallic salts to the 
digesticHi mixture might increase the yield of furfural due to their 
tendency to increase the critical solution temperature of furfural- 
water mixtures. 

Some runs were carried out using sulphuric acid as the catalyst 
with and without the addition of an equivalent quantity of sodium 
sulphate. The results of these runs showed that the addition of the 


Table 2. — Results Obtained in Three-houb Runs with 
Oat-hulls. 


Bun 

Knmber. 

Ontolyst 

Con* 

oentratlon 

PeioenUge 

HgSOa. 

Woiklng 
PieMnie 
Ib./sq. in. 

Liquid/ 
SoUd 
Batio ns 
Glmiged. 

Steam 

Throughput 

(100 lb.). 

FutfvaL 

Condensate 

Coneentration 

Percentage. 

Yield 
lb./100 lb. 

B 27 

mSM 

130 

1*5 

66*7 

3*80 

9*9 

B 18 


99 

9» 

99 

4*00 

10*4 

B 20 

■bm 

99 

99 

99 

3*90 

10*4 

B 60 


99 

99 

99 

4-16 

10*6 

B 37 

■bs 

99 

99 

99 

4*15 

10 '9 

B 66 

ff 

99 

99 

99 

3*62 

9*9 

B 85 

$t 

99 

99 

99 

3*92 

9*9 

B 87 

»» 

99 

99 

99 

4*46 

11*3 

B 39 

1*75 

99 

99 

99 

3*73 

9*3 

B 41 

1*25 

no 

99 

99 

3*70 

9*6 

B 61 

tt 

99 

99 

99 

4-06 

10*1 

B 36 

tf 

120 

99 

99 

3*95 

9*8 

B 36 

it 

99 

99 

99 

3*98 

9*6 

B 55 

t$ 


99 

PP 

4*25 

10*6 

B 56 

»f 


99 

99 

4*26 

11*2 

B 67 

99 


*<sr 

99 

99 

4*26 

10*6 

B 18 

99 


99 

»> 

4*00 

10*4 

B 20 

99 


99 

99 

3*90 

10*4 

B 60 

>9 

fp 


99 

4*16 

10*6 

B 43 


140 

99 

99 

3*80 

9*6 

B 48 



\ 99 


3*90 

9*9 

B 50 

99 

99 

99 

99 

3*70 

9*6 

B 63 


99 

99 

99 

4*15 

10*8 

B 54 



99 


3*87 

10*1 

B 58 


99 

99 


4*15 

10*8 

B 59 

99 

99 

99 

99 

4*00 

10*6 

B 44 


150 

99 

99 

3*70 

9*7 

B 46 



99 

99 

3*74 

10*6 

B 51 


99 

99 


3*87 

10*6 

B 52 

9f 

99 

99 

99 

3*80 

10*2 

B 34 

99 

130 

1*25 

99 



B 18 

99 


1*50 




B 20 

99 


1*50 


3*9 

10 *4 

B 71 

99 


1*76 

99 

3*7 

9*9 

B 94 

99 

99 

1*76 

99 

3*8 

9*8 

B 30 

99 


1*50 , 

58*4 

4*28 

9*6 

B 29 

99 


99 

61*6 

4*05 

10*0 

B 18 



99 

66*7 

4*00 

10*4 

B 20 

99 


99 

99 

3*90 

10*4 

B 00 

99 


99 


3*80 

9*9 

B 01 

99 

99 

99 

99 

4*16 

10*9 

B 22 

99 


99 

75*0 

3*65 

10"7 

B 26 

99 

>> 

99 

99 

3*76 

10-6 

B 20 

99 

f9 

99 

99 

3-60 

10*7 

B 21 

»» 

99 

99 

83*4 

8*26 

10*2 


0.1810/47.-6 
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Tablb 3. — RbsoiiTS Obtainbo IN' Thbeb-hour Runs 'with 
Maizb-cobbs. 


Bun 

Number. 


Workiiig 
Preseore 
ibysg. in. 

Liquid/ 

Solid 

Batioaa 

Charged. 

Steam 

Throughput 

(100 lb.). 

Foifhral. 

Condemate 

Concentration 

Percentage. 

' Yield 

IbyiOOlb, 

B 112 

0*5 

130 

1*6 

66*7 

3*22 

7*9 

B 111 

1*0 



99 

3*67 

9*4 


1*26 

99 


99 

3*48 

9*0 


1*60 


99 

99 

3*14 

8*4 

B 129 

1-60 

99 


99 

3*32 

8*4 


1-76 

99 

99 

99 

2*64 

6*9 

B 121 

1-60 

no 


hhh 





120 




8*1 


99 

130 

99 

99 


8*4 

B 129 

99 

130 

99 


3*32 

8*4 

B 123 

99 

140 

99 


3*08 

7*3 

B 122 

99 

160 

99 


2*96 

7-3 

B 113 

1-6 

130 

1*0 


2*66 

6*2 


»> 

99 

1-6 


3*14 

8*4 

B 129 


99 

1*6 


3*32 

8*4 

B 114 

*9 

99 

2*0 


2*61 

7*2 

B 115 

99 

99 

1*6 


2*90 

6*6 

B 116 

99 

99 


68*4 


6*0 


99 

99 

99 

66*7 

3*14 

8*4 

B 129 

99 

99 

99 

66*7 

3*32 

8*4 

B 119 

99 

99 

99 


3*29 

8*4 

B 118 

99 

99 

99 

83-4 

3*03 

8*6 


Tablb 4. — ^Results Obtained 'with Vabious Raw Matbbials. 


Baw 

ICaterialB 
and Bun 
Number. 


Baw Material. 

Operating 

conditions.* 

Total Furfural 
Content of 
Products lb./100 lb. 

Yield lb./100 lb. 

1 

Bulk Density 
lb./cn. ft. 

Contents 
lb./100 lb. 

o 

OQ 

If 

li 

iB 

1 liquid Besidue. 

Solid Besidue. 

Condensate. 

1 

1 

13*2 

19 '0 

9*9 

1*6 

66*7 

0*32 

0*78 

3*60 

9*2 

48*6 

11*6 


6*1 

1*6 

66*7 

0*29 


3*32 

8*4 

41*2 

8*7 

9*8 

9*2 

1*0 

70*0 



1*74 

6*0 

51*6 

m 


10*8 

1*0 

60*0 



1*28 

2*9 

41 *4 

7*0 


•• 

1*6 

73*0 

•• 

*• 

1*44 

7*2 

61*4 


Oat-hulls 
B 104 . 

Maize-oores 
B 129 . 

Rioe-huUs 
B 131 . 

Hardwood 
sawdust 
B 133 . 

Flax shives 
A 123 . 

I 


• Urn tpu wen S-boiir ram mads at a working pteuure of 180 Ib./aq. in. and with a liquid/ 
•olid ratio of 1*8. ^ 


































235 


Oat-hulls: Variation of furfural yield with digestion time. 



Tim« af Working Pressure - houra. 


Fig. 3. 


Maize-cores: Variation of furfural yield with digestion time. 



Tlim at Prcssurs- hours 

Fig. 4, 


Oat-huUs: Variation of furfural concentration with time. 



10 12 3 4 5 

Time from attainment of Vtorklrg Pressure - hours. 


Fro. 5. 



Table 5. EKmrr of Dobation of Dioestion on Tieu> of FaBFORAi4 
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sodium sulphate gave a"4||jht Increase (0*5 to 1 Ib./lOO lb. hulls) 
in furfural yield over the range of concentration from 1*45 to 
4*35 lb. of sodium sulphate per 100 lb. of solution. 

Although these tests were not comprehensive they showed that 
sodium bi^phate could be used as a catalyst, but its advantage over 
sulphuric acid was not great. 

(iv) Discussion of results. 

(a) Catalyst Concentration. 

The best yield of furfural was obtained from oat-hulls, under the 
conditions specified, with a catalyst concentration of from 1*25 to 
1*5 per cent., while a slightly lower concentration of from 1*0 to 
1*25 per cent, was the most satisfactory for maize-cores. At a lower 
catalyst concentration a lower yield was obtained and some diflaculty 
was experienced in discharging the spent mass from the digester, 
while higher concentrations gave a lower yield, due to increased 
decomposition of furfural and the intermediate pentoses. 

(b) Working Pressure. 

There was no gain in the yield of furfural from either oat-hulls 
or maize-cores by increasing the working pressure above 130 Ib./sq. in. 
The use of higher pressures was undesirable as the yield of furfural 
was decreased owing to an increase in rate of formation of undesirable 
by-products and to the longer time required to reach working pressure. 
The use of lower pressures with correspondingly higher catalyst 
concentrations did not give any improvement in the furfural yield. 

(c) steam Throughput. 

The yield of furfural from both oat-hulls and maize-cores increased 
slowly as the steam throughput was increased to about 70 lb./ (hr.) 
(100 lb. raw materhil) and then remained substantially constant. 
The use of higher throughputs served only to increase dilution of 
the aqueous furfural. 

id) lAguid/Solid Ratio. 

Variation of this factor did not greatly affect the yield of 
furfural. The best yields of furfural were obtained at a liquid/solid 
ratio of from 1*25 to 1 '5 as charged; values lower than 1*0 produced 
a thick digestion mixture which was difficult to stir and discharge 
from the digester, while values higher than 1*75 resulted in Increased 
steam consumption. 

(e) The Period of Digestion. 

The results obtained with oat-hulls indicated that there was no 
advanteige in extending the digestion period beyond three hours and 
that the period required to reach working pressure should not exceed 
30 to 40 minutes. In those csises where the digestion period was 
extended to five hours the quantity of furfural produced during file 
fourth and fifth hours was small in relation to the quantity of steam 



used. Actually almost equal yidds of furfural were obtained for the 
three-hour digestion because of the greater quantity of furfural then 
produced during the “ blow-down " period. 

The results of the runs with maize-cores diowed the same trend, 
but indicated that a slightly longer digestion period was an advantage. 

In the shorter runs the low yidd was due to incomplete stripping 
of furfural, while in the longer runs the stripping of the furfural was 
virtually complete. 

(v) The optimum conditions for the production of furfural. 

The optimum conditions for the production of furfural from oat- 
hulls and maize-cores in the plant described in this paper are detailed 
in Table 6. 

Therq was no indication that further alterations in these variables 
would increase the yield of furfural. 


Tabm 6.— The Optimum Conditions for the Production of 

Furfural. 


— 

Oat-hulls. 

Maiie-oores. 

Catalyst Concentration 

1 

1 *25-1 *50 per cent. . . 

1 ‘0-1 ‘25 per cent. 

Worldng Pressure . . 

120-130 Ib./sq. in. 

120-130 Ib./sq. in. 

Liquid/Solid Ratio . . 

l-26tol‘60 

1-4 to 1-6 

Steam Throughput . . 

66-76 lb./(hr.) (100 lb.) 

66-70 lb./(hr.) (100 lb.) 

Time of Digestion — 

To Working Pressure 

30-40 minutes 

30-40 minutes 

At Working Pressure 

3-4 hours 

3-4 hours 

Blow-down 

30-46 minutes 

30-46 minutes 


(vl) Additional data necessary for the design of digestion plant. 

In addition to the determination of the range of operating con- 
ditions under which a satisfactory yield of furfural can be obtained, 
these experiments provided some of the data necessary for the design 
of larger plant. 

Further pilot-plant runs were made to obtain other data necessary 
for the design of larger digestion equipment. 

(o) The Digester Shape. 

The optimum shape of digester required for carrying out this 
process depends on the depth of charge necessary to ensure efiScient 
stripping of the furfural by the live steam and on the relationship 
between digester diameter and power requirements for stirring. 

The effect of diarge depth and steam throughput on the rate of 
stripping of furfural was determined in a series of runs in which the 
steam throughout and the charge depth was varied and in whidi 
sampler of the condensate were takmi hourly to determine the rate 
of furfur^ stripping. 






Table 7. — ^Thb Effect of Charge Depth and Steam Thhoughpdt on Strippino of 
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Tliege nma w«re made wltii a working presanre of 130 lb /sq in , a Uqnid/golid ratio of 1*5 and a catalyst concentration of 1*6 per cent 
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Since the conversion of pentosan to furfural was complete after 
the first hoiir^ of the digestion period, subsequent changes in the 
furfural vapour concentration were dependent only on ^e rate of 
stripping. 

Results of these tests, shown in Table 7, indicate that a sub- 
stantially constant value is obtained for the ratio of steam used to 
furfural stripped when the charge depth exceeds 3«5 feet. There- 
fore a digester of similar shape to that used in the pilot plant would 
be suitable for larger scale production although a slightly smaller 
diameter/height ratio would be preferable from the construction and 
stirrer power requirement aspects. 

(b) Stirring Requirements. 

The effect of stirring on the yield of furfural from oat-hulls was 

determined from a series of tests, the results of which are ^own in 
Table 8. 


Table 8. — ^Thb Effect of Sterrinq on Furfural Yield. 


Bun 

Number. 

Stirrer. 

Steem Throughimt 
lb./(hr.K100 lb.). 

TuifunJ. 

CtondeoMte 

Oonoentretlon 

Percentage. 

Yield 

Ib./lOO lb. 
Oat*bnlls. 

B 95 

Off .. 

66-7 

3 12 

7-8 

B 97 


83 >4 

2 '93 

7*8 

B 98 

• • • 

88 ‘0 

2*64 

8-4 

B 18 

On .. 

66*7 

4-00 

10*4 

B 20 

„ . . . . 1 

1 

66-7 

3*90 1 

10-4 


These results showed that stirring was necessary and that the 
agitating effect of the live steam was small, even at relatively high 
throughputs. The principal function of the stirrer was to overcome 
the channelling of the steam. The power consumption of the stirrer 
at various stages during the digestion is shown in Table 9. 

These results showed .that the stirrer power requirements were 
substantially the same for all the raw materials used and that there 
was a rapid drop in the power consumption during the early stages 
of the digestion. As no significant loss in yield was obtained when 
the stirrer was started just before the working pressure was reached, 
stirring in the early stages would be unnecessary in a production 
plant. 

(c) Digester Condenser Requirements. 

(1) Pilot plant condenser . — ^Preliminary runs with the pilot plant 
indicated that the over-all heat transfer coefficient for the condensation 
of the aqueous digestion product was mudi smaller than that for 
steam because a substanti^ quantity of wax from the product was 
deposited on the condenser tubes, giving a low vapour-side film 
coefficient which was, in this case, the controlling factor in the heat 
transfer. 


♦ This Journal, p. 258. 
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Material and heat balances were made over the pilot plant c(m> 
denser after the plant had been in operation for some time and the 
wax deposit had reached a maximum to enable the combined vapour- 
side film and fouling coefficient to be calculated for use in the design 
of condensa's for a burger furfurtd plant. 


Table 9. — the STnuiEa Power Reqoirxments. 


Baw Material . . 


Oat-huUs. 

1 

Maize- 

cores. 


Bioe- 

huUs. 

Bnn 2ruinl>er . . 

B 102 

B 103 

B 130 

B 126 

B 133 

B 131 

Digester pressure at 
which stirrer started 
(Ib./sq. in.) 

Start 

60 

130 


■ 

80 


watts. 

watts. 

watts. 1 

watts. 

watts. 

watts. 

Stage of Digestion — 
Dry oat-hulls 

2,160 






Wet oat-hulls 

2,268 






Pressure — 

1 Ib./sq. in. . . 

1,435 




i 


60 Ib./sq. in. . . 


I,8i2 

. . 

, , 

, . 

, , 

130 Ib./sq. in. . . 


550 

468 

468 

504 

486 

After 1 hr. at W.P. 

330 

360 

432 

320 

396 

360 

„ 2 hr8.atW.P. 

310 

340 

360 

320 

396 

360 

„ 3 hrs. at W.P. 

310 

330 { 

300 

320 

396 

324 

Total power consump- 
tion K.W.H. per run 

2*24 

1-60 

1*20 

1*17 

1-36 

1-28 


Accurate calculated values of the vapour-side film coefficient for 
condensation could not be obtained from the experimental data on 
the pilot plant condenser, as this four water-pass unit acted as a 
de-superheater and cooler as well as a condenser. Approximate 
values could be calculated, however, by assuming single pass operation 
and first deteimining the relative tube areas required for de- 
superheating, condensing, and cooling. 

Under favourable operating conditions, with a water exit 
temperature of about 200°F., the vapour-side film coefficient for 
condensation of dilute furfural vapour from the digester was found 
to be of the order of 200 ± 50 B.T.U./(hr.) (sq. ft.) (deg. F.). 

(2) The effect of ‘partial wax removal . — ^Runs were also made with 
an experimental, horizontal, single-tube condenser to determine the 
effect of partial wax removed by de-superheating the vapour before 
condensing it. The experimental unit was operated with vapour 
from a normal digestion, starting with a clean tube and proceexUng 
until constant fouling conditions were obtained as shown by the 
vapour-side film coefficient remaining substantially constant for 
subsequent runs. 

There was an initial rise in the value of the vapour-side film 
coefficient from 1220 ± 50 B.T.U./(hr.) (sq. ft.) (deg. F.) to 
1430 ± 65 which was probably due to the promotion of dropwise con- 
densation by a thin wax film on the tube surface. This was followed 
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by a rapid fouling of the tube and a simultaneous fall in the value of 
the film coefficient to 800 ± 30 B.T.U./(hr.) (sq. it) (deg- F.) at 
Vfdiich value it remained substantially constant 

(d) The Effect of Indirect Heating. 

A steam coil was used to provide indirect heating in the pilot 
plant to compensate for heat losses and to maintain the liquid level 
constant during the digestion. The use of indirect steam was found 
to have no appreciable effect on the yield of furfural and would be 
unnecessary in a larger production unit. 

(e) Material Balance Runs. 

Material balances were made when operating with oat-hulls under 
the following operating conditions: working pressure 130 Ib./sq. in., 
catalyst concentration 1-5 per cent., liquid/solid ratio 1*5 and a 
steam throughput 66-7 lb./(hr.) (100 lb. hulls), with a blow-up time 
of 52-60 minutes, digestion time of three hours, a blow-down time 
of 30-35 minutes, and a high water velocity through the condenser 
to prevent furfural loss from the condensate. The condenser water 
consumption was calculated on the basis of a water temperature rise 
of 140 deg. F. and a condensate exit temperature of 210° F. 
Results are shown in Table 10. The “ lignin ” values were determined 
as percentage insoluble in 72 per cent, sulphuric acid (26). 

These material balance figures showed clearly what takes place 
during the digestion process and indicated the quantities of raw 
materials and utilities required for furfural production. The increase 
in the “ lignin ” content of the solid material was due to tarry 
decomposition products. The wax in the product was found to contain 
95 per cent, of fatty acids consisting chiefiy of palmitic and oleic 
acids. 


4. The Recovery of Furfural from the Digestion Product 
Furfural is most readily recovered from the aqueous solutions 
obtained from the digestion process by means of distillation, although 
the solvent extraction methods which have been described (27, 28, 

29) may prove more economical for more dilute solutions. 

Distillation methods are attractive economically because of the 
enrichment which occurs when the azeotrope, containing 35 per cent, 
furfural, separates on coqling into two layers, the lower of which 
contains 95 per cent, furfural at atmospheric temperature. Pure 
furfural can be obtained by subsequent distillation of the 95 per cent, 
product under reduced pressure. 

(!) The distillation of aqueous furfural solutions. 

The distillation of aqueous furfural solutions has been described 
by La Forge and Mains (9) and equipment for this separation 
employing both vapour and liquid feeds has been described (14, 15, 

30) . 

The aqueous fiirfiital solutions obtained from the digestion process 
normally contain from 2 to 5 per cent, furfural, 0*5 to 1-5 per cent, 
acids (chiefiy acetic) and about 0 05 per cent, of volatiles (chiefly 
methanol). When the mixture is continuously distilled in a suitable 
colunm^tli4 furfural water azeotrope, containing 35*0 per cent, 
^{furfural apd boiling at 208°F., is obtained as a two-phase distillate 



Table 10. — Results of Material Balance Digestions. 
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200 lb. condenser water and 17 lb. charge water. 
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«^hidi ■when cooled to 72°F. gives ktyers consisting of solutions con- 
taining 95 and 8-4 per cent, furfural. The aqueous layers can be 
returned to a suitable point in the column above the feed inlet, but 
If this is done, it is necessary to remove the volatiles which would 
otherwise accumulate in the upper ptut of the column and in the 
decanter and thereby increase the mutual solubility of the two layers. 
Almost all the acetic acid is contained in the aqueous waste from the 
column. 


(a) Distillation Column Design Methods. 

(1) Mains method .. — ^The only method described for the design of 
distillation equipment specifically for the recovery of furfural from 
its aqueous solutions is that of Mains (12) who extended the method 
of Lewis (31) to take into account the ad^tional liquid feed retiurned 
to the column from a continuous decanter. 

(2) The application of McCabe-Thiele method to the distillation 
of furfural solutions . — ^The graphical McCabe-Thlele (32) method was 
ap^ed to the design of furfural distillation equipment to determine 
its usefulness for this system, as the Mains method is tedious. A 
comparison of results obtained by the two methods is itiiown in 
Table 11. The calculations in the McCabe-Thlele method were made 
using the vapour-liquid equilibrium data of Mains (10) and the 
assumptions that the waste composition was 2 per cent, of that of 
the feed, that closed steam heating was employed, that the feed, 
refiux, and decant entered the column as liquids at their boiling 
points, {uid that the operation was under conditions of constant 
molal overfiow. The last-mentioned assumption was justified as the 
molal latent heats of vaporization of furfural and water at their 
boiling points are 18,580 and 17,460 B.T.U./lb. mole respectively. 


Table 11. — ^A Comparison of McCabb-Thiele and Mains 
Methods of Column Design. 




Knxnber of Tbeoretioal Plates Eeqnired. 

Feed Wt. 

Beflnx Batio 


1 

1 

1 

1 


Fercentaoe 

Fniftirar. 

at Top of 
Oolnmn. 

Lower Section. 

Middle Section.* 

Upper Section. 



McCabe. 

Mains. 

McCabe. 

Mains. 

McCabe. 

Mains. 

1 

8 

>12 


1*7 


B 



7 

.. 

8-6 

•• 

0-6 

H! 

1*8 

2 

5 

6-7 


1*2 



BB 


4 

7-1 • 

6-7 

1*2 

0*6 


BSfl 


3 

11 j 

11 

1*6 

0*6 

1*7 

BB 


2*6 

high 

19 

21 

0-7 

1*7 

mm 

8 

4 

4*5 

2*8 

0-9 

0*3 

1*7 

1*8 


3 

6-3 

3*9 

1-0 

0*3 

1*7 

1*8 


2 

10 


1*3 

, , 

1*7 



1-5 

It 

high 

10 ’’ 

22 

1*0 

1*8 

1*8 

4 

4 

3-9 

1-9 

mM 

0*2 

■n 

1*8 


3 

4.4 

2*3 

Bifl 

0-2 

■^1 

1*8 


2 

5-7 


ns 

, , 


, , 


1 1*5 

7-6 

5*8 

n 

0*4 

B 

1*8 


* Between fbed inlet and decant return. 
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When live steam heating is employed, additional plates are 
required in the stripping section of the column. This additional 
requirement was calculated by the McCabe-Thiele method, assuming 
one mole of steam used per mole of furfural solution vaporized; and 
was found to be from 0-2 to 0*4 theoretical plates depending on the 
ratio of the liquid to vapour fbwrates in the stripping section. 

(3) Experimental distillation of furfural solutions. — ^Furfural was 
recovered from the digestion product by distillation either in a 6-in. 
diameter column packed with i-ln. Raschig rings or in an 8-in. 
diameter bubble-cap column. 

Short trial runs at various reflux ratios with the packed column 
using a 3-5 per cent, furfural feed showed the H.E.T.P. to be approxi- 
mately 24 inches based on the number of theoretical plates determined 
by the McCabe-Thiele method. This high value was due to the high 
vapour velocities vdilch were about 85 per cent, of the flooding 
velocity. 

The results of four preliminary experiments with the bubble-cap 
imit operated as a stripping column by the method of Koffolt (33) 
with a I'O per cent, furfural solution as feed and with a waste 
containing 0*02 per cent, furfural enabled the approximate number of 
theoretical plates required at various liquid/vapour ratios to be 
calculated ; as shown in Table 12. 


Table 12. — ^Experimental Results with Bubble-cap Column. 


Bun Number. 

Liquid/Vapour 
Eatio. * 

Number of Tbeoretical Plates. 

Bxperlmental. 

Calculated. 

XcCabe-Thiele. 

Mains. 

S-7 . . 

4-76 

10 

6-8 

4*0 

S-4 .. 

4-67 

9 

6*4 

3-7 

S-6 . . 

4-27 1 

6 

6-7 

3-0 

S-6 .. 

3-91 

5 

60 

2-6 


These results indicate that the McCabe-Thiele method is more 
satisfactory for the design of furfural distillation equipment than 
the method used by Mains. It is intended to continue work on certain 
aiqiects of the distillation of furfural-water mixtures. 

(b) A Comparison of Liquid and Vapour Feed to the Column. 

Hie use of the digestion product as a direct vi^ur feed to the 
column has been employed (14, 15) •as an alternative to the condensed 
product as a liquid feed. A comparison of these two methods was 
made to determine their relative advantages. 

(1) The comparison far saturated vapour. — ^The minimum reflux 
ratio and the number of theoretical plates at various higher reflux 
ratios were calculated by the McCabe-Iliiele method for both liquid 
feeds at the boiling point and saturated vapour feeds containing from 
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3 to 8 pa* cent, furfural, using live steam and a waste furfural 
concentration of 1>6 per cent, of that in the feed. £¥om these 
results suitable reflux ratios were chosen for each feed concentration 
sudi that the total number of theoretical plates required was 
approximately eight. The essential difference between the two 
methods is that the minimum reflux for vapour feed is from 9'3 to 
13 -6 times that for liquid feed, owing to the large and relatively sudden 
change in slope of the equilibrium curve and to the low mole fraction 
of furfural in the feed. 

Material balances were then calculated on the basis of 10 lb. 
moL/hour passing through the decanter. For these calculations it 
was assumed that the vapour from the digester was stripped of its 
wax before passing to the digester condenser or vapour feed column 
and also that the live steam used in the digester was equal in quantity 
to the water in the feed to the columns. The condenser water 
requirements were calculated on a basis of a water temperature rise 
of 130 deg. F., and the condenser surface areas were determined on a 
basis of a water velocity of 5 ft./sec. and vapour-side fllm coefficients 
of 800 and 1,300 B.T.U./(hr.) (sq. ft.) (deg. F.) for the digester and 
column condensers respectively. 

The column diameters were determined by the method of Bain 
and Hougen (34) assuming water as the working substance, 1-in. 
rings as packing and an operating vapour velocity of 70 per cent, of 
the flooding velocity. The packed volumes were calculated using 
an H.E.T.P. of 24 inches. 

The results of this comparison are shown in Table 13. 

(2) The effect of superheated vapour on the comparison . — ^If the 
vapour from the digester is superheated to the extent of 70 deg. F., the 
water requirements for the digester condenser in the case of liquid 
feed would be increased by 3-6 per cent, and the surface area by 
17 per cent. This degree of superheating, in the case of a vapour 
feed, would chemge the required reflux ratio for a given number of 
plates by only 5 per cent., would reduce the column steam require- 
ments by 3*5 per cent., and the effect on the required column 
diameter would be small. 

In a liquid-fed colunm, ^ulpment lor the removal of wax from the 
digester vapour before its condensation is unnecessary provided 
adequate condenser capacity is installed. Thus, the cost of a wax 
stripper for the vapour-fed colunm is counterbalanced by the cost of 
additional condmser surface area for the liquid-fed column. The 
additional digester condenser capacity required can be sem in 
Table 14. 

(3) Conclusions . — ^These calculations show that the use of vapoiu* 
feed slightly decreases the steam and condenser water consumption, 
decreases the necessary condenser surface area, but increases the 
diameter of the distillation column and requires the careful removal 
of waxy materials with an additional scrubbing column. On a basis 
of cost there would be little difference between the two methods; the 
liquid-fed tmit would be preferable because of its greater flexibility 
and ease of operation. 



Table 13. — Comparison op Requirements for Liquid and Vapour Feed to Column. 
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Tabub 14.— Thb Effbct or Wax Removal os CosDVsam 
REQOISBMBNtB FOB LlQTJID FEED. 


FurAind Oonoentarfttion 
in Feed. 

SnrfiMe Area of Dlgeiter Oondeuer (sq. ft.). 

'Wuc B«BM>Ted 
(*^ - 800). 

Wu Xot BanoTod 
(*^ - 800). 

3 per oent. 

95*6 

266 

4 .. 

71-8 

200 

6 „ 

67-2 

159 

e „ 

47-8 

133 

7 „ 

41*0 

114 

8 „ 

34-4 

96 


yapotir'Slde film ooeffidest (including fooling). 


(c) Hot Versus Cold Decantation, 

A considerable reduction in cooler surface area and cooling water 
can be realized by decanting in two stages. The 35 per cent, distillate 
is first decanted at 210^F. to yield a decant containing 18*4 per cent, 
furfural which is returned to the column and a 84 per cent, product 
which is cooled to atmospheric temperature and again decanted. 
The quantity of 8 per cent, decant from this second operation is small 
and it can be returned cold to the column without effecting its 
operation. 

(d) Removal of the Volatiles, 

The nature of the more volatile by-products from oat-huUs was 
deduced from the boiling points and refractive indices of fractions 
obtained on distillation of samples from tiie column decanter and 
from the vent of the digester condenser. These deductions were 
confirmed by measuring the melting points of prepared derivatives. 
The relative proportion of the substances identified was estimated 
from the distillation curve to be as follows: — 


Sabstanoe Identifled. 

Approximate Proportion 
by Yolnme. 

Methanol . . 






% 

80 

Acetone 






16 

Acetaldehyde 


• • 

• • 

•* 

•• 

2 

Furane 


* 




2 

Methyl fiiranes 

•• 

•• 


*• 

•• 

1 


The actual quantity of volatiles present in the digestion product 
is of the order of 0*05 per cent The volatiles must be removed at 
some stage in the process to prevent their accumulation in the upper 
part of the column and in the decahtef. Three methods for their 
removal have been described: the separation of the volatiles from 
the wejsfiur by partial condensation(9), separation by partial con- 
densation with d&antation (14, 15), and stripping of tiie volatiles 
from the aqueous decanter layer in a small aiudli^ column before 
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returning the dilute furfural solution to the main column (30). The 
latter method is the most satisfactory and could be used with either 
a hot or a cold decanter to yield impure methanol as a by-product 

(ii) Drying of 95 per cent furfural. 

The 95 per cent, furfural must be dried with a minimum of 
exposure to heat and this can be done conveniently in a small 
column operating under reduced pressure. 

The number of theoretical plates required to dry 95 per cent, 
furfural to 99*9 per cent product with a distillate of 35 per cent, 
furfural was determined by the McCabe-Thiele method, using the 
atmospheric pressure equilibrium data of Mains as no data were 
available at reduced pressures. The calculated number of theoretical 
plates found would therefore be slightly high. These results are shown 
in Table 15. 


Table 15. 


Beflux Batio 

Number of Theoretical Plates Bequlred. 

Eeotifying 

Section. 

Stripping 

Section. 

Total 

o 

1*5 

2*6 

4 0 

3 

1-6 

3-0 

4-r) 

2 

1-6 

3-5 

6-0 


(iii) Condenser requirements for the distillation column. 

The vapour-side film coefficient for the condensation of the 
furfural-water azeotrope, with a concenti ation of 35 per cent, 
furfural, was calculated from data obtained from runs with the small 
experimental single-tube heat exchanger mentioned previously. In 
these runs a small quantity of the vapour was condensed in a subsidiary 
condenser to ensure the use of the full tube surface in the experiment^ 
unit. 

It was found that, when the furfural concentration was slightly 
below 35 per cent., the condensation was filmwise with droplets of a 
furfural rich layer on the water-rich film. As the furfural con- 
centration was increased there was a well-defined change to 
semi-dropwise condensation with small patches of two-phase 
condensate about i in. by 1 in. separated by smaller, apparently bare 
patches. This change in the type of condensation was accompanied 
by a significant increase in the vapour-side film coefficient. 

The results of these experiments are shown in Table 16. The 
furfural content of the streams from experimental and auxiliary 
condensers indicate the composition 'of the condensing vapour. The 
probable errors shown in the last column and the absolute errors 
were calculated by the usual methods (35), assuming an accuracy 
in all temperature measurements of ±: 1-0®F. and that the error in 
the water fiow rate was covered by an error of ±: 4 seconds in the 
time measurement. The absolute errors were found to be from 
2-48 to 2-50 times the probable errors. 

0.1916/47.-7 
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Table 16.— Heat Transfer CospnciBNTS for Condensation of 
Furfural-water Azeotrope. 


Bun Kumber . . 

— 

D-7. 

D-8. 

D-10. 

D-11. 

Water temperature 
rise 

Deg. P. 




54-3 

Water velocity 

Ft. /sec. 



2*08 

2*08 

Logarithmic-mean 
temp, difference 

Deg. F. 

120*7 

121*2 

121*9 

n6’« 

Over-all coefficient U 

B.T.U./(hr.) (sq. 
ft.) (deg. F.) 

340 

376 

343 

423 

Water-side film co- 
efficient h.^ 

B.T.TJ./(hr.) (sq. 
ft.) (deg. P.) 

622 

617 

620 

632 

Absolute percentage 
error in 


13*6 

20-0 

13*8 

38*8 

Probable percentage 
error m 


5*45 

8*04 

5-61 

15-6 

Type of condensation 


filmwise 

semi- 
dt op\i me 

filmwise 

semi- 

dropwise 

Perceiit^ige furfural 
in condensate 

Mam 

.34*0 

35*8 

28-3 

36*0 

Excess 

34*9 

34*7 

30 *.5 

35*0 

Vapour-side film co- 
efficient 

B.T.U./(hr.) (sq. 
ft.) (deg. P.) 

1,300 170 

2,080i 170 

1.340i70 

4.3.')(t_t680 


5. Cost of Furfural Production 
(i) The demand for furfural in Australia. 

The annual consumption of furfural during the last few years has 
been estimated to be from 10 to 30 tons, used chiefly for modifying 
phenolic resins. The probable annual demand for plastics manufacture 
in the near future has been estimated to be from 50 to 100 tons; a 
maximum of 50 tons as a modifler for phenolic resins and from 10 to 
50 tons for the manufacture of phenol-furfural resins. For every 
100 lb. of the furfural resin made, 55 lb. each of phenol and 
furfural would be required as compared with 90 lb. of phenol and 
7i gallons of 40 per cent, formaldehyde. For the raw material costs 
of these two types of resin to be the same, the wholesale cost of 
furfural would ^ Is. 9d. per lb. calculated on the present costs of 
phenol at Is. 6d. per lb. and formalin at 6s. per gallon. If a local 
supply of furfural was available, additional quantities would be used 
for the manufacture of derivatives and for use as solvents. 





















Table 17. — ^Location of Raw Materials in Au 
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In addition to these raw materials, a large quantity of bagasse is available m Queensland and New South Wales with a furfural yield of 
about 8 5 lb./ 100 and also vast quantities of wood waste are available with a furfural yield of from 2 to 3 lb /lOO. 



m 


(fl) AvatMUlHy of mw materials. 

The quantities of raw materials available in various states based 
on average values for the years 1940 to 1945, are shown in Table 17. 
States with production of less than 1,000 tons of individual raw 
materials are not listed and the figures are only approximate as 
considerable seasonal variation occurs. 

This survey showed that sufficient high grade raw material was 
available at each of a number of individual centres to supply 
Australian furfural requirements for some years. 

No attempt has been made to determine cost of raw mateiicds 
other than that of oat-hulls, which at the time of writing was £1 14s. 
per ton at mills in Melbourne. The supply and cost of the higher 
grade raw materials would vary with the season and also with 
the demand for them as stock feed, especially in dry seasons. The 
cost of other raw materials is probably appreciably less than that 
of oat-hulls. 

(ill) Cost of production. 

(a) Design of Plant for Costing Furfural Production. 

The present minimum economic scale for furfural production in 
Australia by methods similar to that investigated is probably of the 
order of from 100 to 200 tons per year. For the purpose of deter- 
mining the cost of production from oat-hulls, a plant was designed 
for a production of 200 short tons per year (400,000 lb.). Details of 
this plant are given in Table 18, in which the numbers refer to items 
on the fiow sheet.* The plant design was based on the operation of 
three eight-hour shifts per day for 250 days per year assuming a yield 
of 10 lb. per 100 lb. of air-dry hulls and an average furfural con- 
centration of 4 per cent, in the digestion product. 

(1) The digestion equipment . — ^A digester similar to that used in 
the pilot plant work to be employed and operated with a working 
pressure of 130 Ib./Sq. in., a catalyst concentration of 1*25 per cent., 
a liquid/solid ratio of 1*5, and a steam throughput of 66-7 lb./ (hr.) 
(100 lb. hulls). The five-hour operating cycle to be divided as 
follows: charghig, 15 mins.; blow-up to working pressure, 30 mins.; 
at working pressure, 180 mins.; blow-down, 60 min.; and discharge, 
15 mins. 

(2) The distillation equipment . — ^The 4 per cent, furfural solution 
from the digester to be concentrated in a continuous, packed colunm 
with hot liquid feed and employing a hot decanter and operating with 
live steam, at a refiux’ ratio of 1*1 (equivalent to 2-0 with a cold 
decanter) and with waste furfural concentration of 0*03 per cent. 

The 95 per lomt* product frcrni this column to be dried to 99*9 per 
cent, in a conttoil^ packed colunm operating with closed steam at 
a 28-in. vaoiMl (SO mm./Hg.) and at a refiux ratio of 5*0. 

Thi> VOtatilee to be removed in a small packed colunm from the 
etream from the hot decanter before its return to the main 

PSin. 

^ The distillation columns were designed by the McCabe-Thiele 
methdd (32) using 30 inches for the H.E.T.P. of 1-in. Raschig rings 

*See folder at end of Journal. 




Table 18. — ^Details op Plant I>esigned for CtosnNG Furfural Production 
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and 12 indies for that of l-in. rings, while the column diameten 
were detmnined by the method of Bain and Hougen (34) assuming 
operation at 70 per cent, of the flooding velocity. 

(3) Condensers and coolers . — ^The size and construction of fliese 
units and their water requirements were determined on the basis of 
water temperature rises of from 70° to 200°F. for the digester and 
big column condensers, from 70° to 90°F. for the drying column, 
and from 70° to 80°F. for the coolers. Liquid-side coefficients were 
calculated by the expression 

h»=-150 (1 + O-Ollt) * 

where t is the average liquid temperature, v Its velocity in ft./sec. 
and D the inside tube diameter in inches. The vapour-side fllm 
coefficients used were those determined from the pilot plant study, 
namely 200 B.T.U./(hr.) (sq. ft.) (deg. F.) for condensation and 50 
for de-superheating in the digester condenser, 1,300 for the column 
condensers, and 3,000 for steam in the feed heater. 

(4) Cost of the plant . — ^The cost of items of plant equipment was 
determined imit by unit tis carefully as possible from a consideration 
of the cost of materials, probable cost of their fabrication, and cost 
of instruments, motors, &c., all at rates prevailing at the time of 
writing. 

Digester residue disposal costs were estimated on the basis of 
provision of equipment for removal of half the volume of residue as 
water from each batch and the carting by motor truck of the remainder 
during one shift. 

llie cost of the plant grouped into units was as follows: — 


Digestion unit 

. . £1,300 

Distillation unit 

900 

Hull storage and handling 

. . 3,300 

Tanks and fittings 

1,100 

Residue handling equipment 

1,450 

Pipes and fittings 

700 

Erection and installation 

1,000 

Instruments 

550 

Design costs 

500 

Total . . 

.. £10,800 


A figure of £11,000 was taken as the plant cost. 

(b) Cost of Production. 

Details of the items contributing to the production cost are shown 
in Table 19. The cost of patodMCtion was flrst determined on the basis 
of the«plant being an adftaaat to an existing plant with adequate 
excess boiler Wen the additional cost of boiler facilities 

was detennttiiA'iar IW operation as an individual plant. 



255 



On a basis of 200 short tons of fhrftiral per annum. 
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The cost figures and material and energy requirements per pound 
of furfural which are shown in Table 19 form a suitable basis on whidi 
the cost of furfural production may be calculated for a wide range of 
conditions. 

From these results it can be seen that the cost of producing 
furfural in Australia from oat-hulls would be unlikely to exceed lid. 
per pound, exclusive of overhead charges, as compared with the 
present price of approximately Is. 4d. for imported furfural in ton 
lots, duty paid, on wharf in Sydney. 

6. General Conclusions 

The pilot plant investigation of the production of furfural from 
oat-hulls and maize-cores has shown that these Australian raw 
materials are satisfactory, has enabled the optimum production con- 
ditions to be defined and has supplied data necessary for the design of 
larger furfural digestion equipment. 

The study of the recovery of furfural from its aqueous solutions 
by distillation has shown the McCabe-Thiele method to be suitable for 
the design of furfural distillation equipment and has enabled a choice 
to be made of equipment required for this separation. 

The estimate made of the cost of furfural production from oat-hulls 
has shown Australian production of this substance on a scale of 
200 tons per annum to be economically feasible provided the cost of 
raw material and overhead charges are not excessive. 
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The Yield of Furfural from Pentosans 
By B. W. Wibm, M.Sc* 

Summary. 

The reasons for the low yield obtained in industrial production of 
furfural have been investigated. 

A study of the hydrolysis and dehydration reactions involved showed that 
the limiting factor was the side reactions which occur in the dehydration 
of pentoses to furfural. 

The yields obtained in both single and two stage digestion processes 
were compared and the relative merits of the two processes are discussed. 

K Introduction 

The low yield of furfural obtained from naturally occurring 
pentosans has been one of the main problems of furfural production 
since it was first undertaken on an industrial scale. 

In developing a process suitable for producing furfural in Aus- 
traliat a stage was reached when the yield could not be improved 
beyond 50 per cent, without introducing extra equipment or radically 
altering the technique of operation. It seemed apparent that further 
improvement, if it were possible at all, would depend on a more 
thorough understanding of the reactions which influence the yield. 
The present paper describes a study of these reactions. 

The progress of the two main reactions, the hydrolysis of pentosans 
to pentoses and the dehydration of pentoses to furfural, which occur 
almost simultaneously, could not be followed directly in the digestion 
process but, because the first reaction was more rapid, it was possible 
to study each in turn and to determine the nature of the loss in yield. 

Although it was found impractical to improve the yield of furfural, 
the results of this study demonstrated the mechanism of the reactions 
concerned and led to a better appreciation of the factors involved 
m the production of furfural. In addition it was found that the 
lignocellulose produced by low temperature hydrolysis of pentosans 
in oat-hulls might be useful as a filler for plastics. Tests on this 
material have been described in an accompanying paperj. 

2. The Hydrolysis of Pentosans 

(i) Introduction. 

Previous study of the hydrolysis of pentosans has been concerned 
mainly with technical processes such as the preparation of furfural, 
xylose, and low pentosan pulps (1). Information on the conditions 
and mechanism of reaction, and on yields, is limited when compared 
with the knowledge that has been accumulated on wood 
saccharification, which is a similar process. In this case Saeman (2) 
and others have demonstrated that two consecutive reactions, the 

* * An officer of the Division of Industrial Chemistry. 

« t This Journal p. 225. 
t This Journal p. 272. 
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hydrolysis of cellulose and the decomposition of the resulting hexose 
sugars, were the main reactions determining the yield of sugars and 
that maximum yield of hexoses depended on the selection of conditions 
such that the hydrolysis proceeded at a maximum and decomposition 
at a minimum rate. 

Although a similar mechanism was expected to apply in the 
production of pentoses by hydrolysis of pentosans, a quantitative treat- 
ment of the reaction was faced with a number of diflaculties. The 
pentosans are not uniform materials and the term pentosan covers 
a wide range of substances (3) some of which hydrolyse more readily 
than cellulose and some of which are more resistant than cellulose. 
In addition, the nature and quantity of these materials cannot be 
precisely estimated and they can only be assessed in terms of the 
furfural yielded when the material is distilled with 12 per cent, 
hydrochloric acid under controlled conditions (5). The products of 
hydrolysis of pentosans which are referred to as ‘‘ pentoses ” in this 
paper, have not yet been clearly defined and it is not possible to 
specify the constituents that yield furfursd. The present study of the 
hydrolysis of pentosans was limited to determining the extent the two 
reactions described above controlled the yield of pentoses, with con- 
ditions ranging from those used by Dunning and Lathrop (4) who 
obtained 90-95 per cent, yields of pentoses from maize cores, to those 
used in the furfural digestion referred to in the accompanying paper*. 

(ii) Apparatus and Method. 

The small furfural digester used for the process study described 
in the accompanying paperf was used for the experiments on the 
hydrolysis of pentosans in oaQiulls. 

The operating procedure was as follows: After preheating with 
live steam, the digester was loaded with 30 lb. of oat-hulls and 100 lb. 
dilute sulphuric acid, made up to the required strength with com- 
mercial sulphuric acid (93 per cent. HgSO^), and the charge heated 
with live steam until the working pressure was reached (5-10 min.). 
It may be assumed that little hydrolysis occurs during this period and 
the time of reaction was measured from the instamt the working 
pressure was reached when the stirrer was started. During hydrolysis 
the steam jacket pressure was adjusted to a value just sufficient to 
maintain working pressure while live steam was passed into the 
hydrolysis mixture and vapour containing small quantities of furfural 
was removed and condensed. At the end of the run the steam pressure 
was reduced and the contents of the digester discharged into a stain- 
less steel hydro-extractor with an 18 in. diameter basket filled with 
stainless steel gauze. The solid residue was washed in the basket 
with 5-6 gal. of water and the combined washings and hydrolysis solu- 
tion weighed and sampled. The solid residue was also weighed, mixed, 
and sampled. The potential furfural content of the pentose solution 
and the unchanged pentosan in the residue were estimated by the usual 
methods (4, 5), and yields were calculated on the original potential 
furfural content of the oat-hulls. 


This Journal p. 225. 
t Ibid. p. 227. 



(ifl) B^uUb and Discuarion. 

The results of hydrolysis experiments at 100®, 135®, 150®, and 180® 
C are shown in the acoompan 3 dng graphs (Figs. 1, 2, 3, 4). The time 
allowed lor hydrolysis and the acid concentration were sel^ted In each 
case so that only conditions close to those for optimum yields of 
pentoses were studied. Fig. 1 shows the yields obtained with con- 
ditions similar to those used by Dunning and Lathrop (4) for the 
hydrolysis of maize-cores. With acid concentrations up to 4 • 0 per cent, 
the yield of pentoses was almost exclusively limited by the amount 
of pentosans remaining unhydrolysed. With higher acid concentration 
the remaining 10-15 per cent, of the pentosans resisted hydrolysis and 
the yield decreased because of decomposition reactions caused by 
the increased acid concentration. In order to use more vigorous 
conditions to reduce the amount of unchanged pentosans and at the 
same time to keep the decomposition of pentoses at a low value, a 
two-stage hydrolysis was planned on the results shown in Fig. 1. In 
the first stage, 2 per cent, acid was used and this was followed by 
a second treatment with 6 per cent. acid. The yield of 83*4 per cent, 
pentoses and 9*3 per cent, unchanged pentosan was a slight improve- 
ment on the best yields obtained at 100® C. with a single stage. 



Sulphuric PdQ oonecntnahon - pgr cent 

Fig 1. — ^Hydrolysis for 2 hr. at 100® C. 

The advantages of a two-stage hydrolysis were discounted by results 
of further single-stage experiments at 135® C. where it was found 
that the increase in temperature together with a lower acid 
concentration gave a yield of 83*5 per cent, pentoses and 9*0 per c&xt. 
unchanged pentosans (Fig. 2). 

With a further increase in the temperature of hydrolysis (Figs. 3 
and 4), the maximum yield decreased because the decomposition of 
pentoses increased at a greater rate than the rate of hydrolysis. The 
increased rate of decomposition was evident from the increased 
amount of furfural actually formed which has been shown as a 
separate source of loss in yield of pentoses in Figs. 2, 3, and 4. 




Although the hydrolysis of pentosans to pentoses was complicated 
hy the formation of furfural, the above experiments provided con- 
clusive evidence that the factors limiting the yield were similar to 
those encoimtered In wood saccharification. Up to 75 per cent, of the 
pentosans hydrolysed readily with very small losses due to decomposi- 
tion reactions but the remainder showed so much resistance that the 
more vigorous conditions required led to increased decomposition 
which was at least equal to the additional pentosans hydrolysed. From 




Fig. 2. — Hydrolysis for 2 hr. a1 135® C. 



Fio. 3. — ^Hsrdrolysis for 1 hr. at 150® C. 
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the point of view of obtaining a maximum yield of pentoses from 
oat-hulls, hydrolysis at 135^ C. was best. At higher temperatures the 
yield was reduced by dehydration of some of the pentoses to furfural 
but this would not matter in a commercial process for producing 
furfural. 



Fig. 4. — Hydrolysis for 15 min. at 180° C. 

3. The Dehydration of Pentoses to Furfural 

(i) Introduction. 

From the above study of the hydrolysis of pentosans it was apparent 
that the main loss in yield in furfural processes was associated with 
the dehydration of pentoses to furfural. Apart from one claim of 
a quantitative yield (6), this confirmed the results of previous 
workers which showed that the yield of furfural obtained from the 
pentoses formed by hydrolysis of pcmtosans or from pure pentoses such 
as xylose seldom exceed 50 per cent, theoretical (1, 4). Two 
reactions leading to the destruction of furfural or furfural-yielding 
substances have been suggested as being responsible for the loss in 
yield. The readiness.. With which furfural polymerizes has been 
regarded for some time as a potential source of loss which can be 
partly overcome hy mnoving furfural from the reaction by means 
of steam distillation but, in view of experiments on the stability of 
furfural (7, 6) under the conditions of reaction and recent work on 
the decomposition of hexose and pentose sugars (2), it was apparent 
that some at least of the loss was caused by pentoses undergoing 
reactions to yield unreactive caramel-like substances. 

The present investigation aimed at determining the effect of the 
conditions of reaction on the yield of furfural and the extent to which 
the destructive reactions affected the yield. Preliminary experiments 
in the digester with pentose solutions obtained from the hydrolysis of 





263 


pentosans showed that yields of furfural up to 50 per cent, were 
possible, but as this equipment was unsuitable for detailed study 
further work was carried out in a laboratory autoclave. 

(ii) Apparatus and Method. 

The autoclave was constructed from a 6-in. length of 3-in. diameter 
copper tube, with a dished cover of i-in. copper sheet brazed to one 
end. The other end which was flanged was closed by a bronze cover 
secured by means of two steel backing flanges with six bolts. A steam 
pressure gauge and copper inlet and outlet tubes fitted with small 
nickel-seated valves were fitted to the cover. Heat was supplied by 
means of two electric furnaces. One was fitted with two 1,650-watt 
elements and was used to provide rapid initial heating, while the 
other which had a single 1,650-watt element controlled by a variable 
transformer was used to maintain the autoclave at working 
temperature. 

For each experiment 250 ml. of pentose solution containing a known 
concentration of sulphuric acid was measured into the autoclave, the 
cover bolted in place, and the autoclave suspended inside the first 
electric furnace which had been preheated for 20 minutes. When 
the liquid boiled — ^after about 2 minutes — the outlet valve was closed 
and pressure allowed to build up to 150 Ib./sq.in. in 2-3 minutes. The 
autoclave was removed quickly and placed in the second furnace where 
the pressure was controlled at 130 Ib./sq.in. by means of the 
transformer. 

At the end of the run which was timed from the moment the 
pressure reached 1501b./sq.in., the autoclave was plunged into cold 
water, and the pressure reduced to atmospheric in about 30 seconds. 
When the autoclave was opened, the solution which contained a dark- 
brown tarry suspension with an accumulation of black solids at the 
surface of the liquid, was filtered and sampled One portion was steam 
distilled to obtain free furfural while another was distilled with 12 
per cent, hydrochloric acid to obtain the total furfural content 
including that from unchanged pentoses. The furfural loss due to 
unchanged pentose was obtained from these results by difference. 

The pentose solution used in these experiments was obtained by 
hydrolysis of oat-hulls with 1 per cent, sulphuric acid for 2 hours at 
30 Ib./sq.in. with a liquid/solid ratio of 3-33. Under these conditions 
75 per cent, of the pentosans were dissolved leaving a light-coloured 
residue which was later tested as a filler for plastics*. The pentose 
solution contained 5-10 per cent, potential furfural and only a 
negligible quantity of free furfural. The acid concentration was 
adjusted by the addition of sulphuric acid or caustic soda to give the 
required pH which was measured by means of a glass electrode. 

(iii) Results and Discussion. 

(a) The yield of . furfural froth pentoses. — ^The effect of acid 
concentration and reaction time on the yield of furfural from pentoses 
at 180° C. has been shown in Fig. 5 where results have been plotted 
as yield of furfural against time for different acid concentrations. 
The shape of the curves indicated that two consecutive reactions were 
taking place with the second slower than the first. However, as the 


• This Journal p. 272. 
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BUHttmam yields were obtained after longer time intervals wltii no 
substantial Increase in yield when the acid ccmcentration was 
decreased, and as the second reactlcm, i,e. the decomposition of 
furfural, then became too slow to accoxmt for the low yield of furfural, 
some other reaction must have been responsible. The decomposition 
of pentoses to tarry materials simultaneously with the dehydration to 
furfural appeared to be the most likely reaction, and this was con- 
firmed by experiments with pure xylose whidi have been described in 
a following section. 



Fig. 5. — Yield of furfural from dehydration of pentoses at 180° C. 


Apart from indicating the cause of loss of potential furfural, the 
results were significant from a practical point of view. The range 
of acid concentration from 0-80 to 1*25 per cent, represented con- 
ditions under which a continuous process might be operated for the 
manufacture of furfural from pentoses. Over this range the reactions 
proceeded very rapidly and it was not possible to distinguish the 
maximum yield. Between 0<30 and 0*80 per cent, conditions were 
similar to those in the single-stage furfur^ digestion and indicated 
that the furfural-forming reactions were practically complete in 
15-60 minutes. The remaining curves from 0'08 to 0-30 per cent, 
showed that yields up to 40 per cent, theoretical could be obtained 
in a digestion process in whidi furfural was not removed by distillation 
during digestion. 

(b) Unchanged pentoses . — ^The effect of variation of the conditions 
of dehydration on the yield of unchanged pentoses has been shown 
in Fig. 6. The curves confirmed the rapidity of the dehydration in 
the early stages and showed that loss in yield was not due to incom- 
plete conversion of pentoses to furfural. The effect of variation of 
acid concentration on the rate of ddiydration appeared to be small 
over the range 0-30 to O-OS per cent, sulphuric acid. Comparison 
with the' furfural yield curves also made it evident that a reaction, 
probably the decomposition of pentose to non-furfural yielding 
substances, was taking place simultaneously with the ddiydration 
reaction. 

(c) The formation of solids . — ^Tlie variation of the amount of solids 
formed when pentose solutions were treated in an autoclave at 180° C. 
with vsSiying times and add concentrations has be^ diown in Fig. 7. 
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The 5iel<l of solids could not be related directly to the yield of 
furfural and unchanged pentoses because it was impossible to express 
the amount of solids in terms of an equivalent amount of furfural, 
but the similar trends of the curves in the earlier stages of the reaction 
and similar variations with different acid concentrations (compare 
Figs. 6 and 7) indicated that the yield of solids was related to the 
furfural forming reactions and not entirely due to the decomposition 
of gums or other substances extracted from the oat-hulls. 



Fig 6 Yield of unchanged pentoses from dehydration of pentoses at 180“ C 


The main value of these results was that they showed that pro- 
vision for removing solid products of reaction must be an important 
feature of any process, either batch or continuous, which is designed 
for recovering furfural from pentose solutions. Under the conditions 
for a maximum yield of furfural which can be ascertained from Fig. 5, 
the amount of solid formed — ^which can be determined from Fig. 7 — 
was 30-40 per cent, by weight of the potential furfural in the pentose 
solution. 

(d) Comparison of the dehydration of crude pentoses and pure 
xylose . — ^The extent that tlie formation of furfural from pentoses 
from the hydrolysis of pentosans differed from the formation of fur- 
fural from pure xylose wai^4etermined by a series of experiments with 
solutions of pure xyloii^ with a potential furfural content similar to 
the pentose solution used in experiments described previously. 
200 ml. aliquots of solution were heated at 180® C. for varying 
intervals of time with 0 08 per cent, sulphuric acid. The resulting 
0.1916/47.-^ 



y}eli)^ of furfural and unchanged xylose have been idurnn in fig. 9 
whcare comparison has been made with the yields obtained under the 
Same conditions with a pentose solution obtained by hydrolysis. 



Fig 7. — ^Yield of solids from dehydration of pentoses at 180° C 


For xylose, the rate of decomposition and the rate of formation 
of furfural were slower than for pentoses, indicating that the pentose 
solution contained furfural-yielding substances which reacted more 
readily than xylose and that experiments with xylose were of limlt«»fi 
value in predicting yiel^ from pentosans. 

(e) The decomposition of xylose and furfural . — ^The experiments 
with xylose were foUowed by a SfjtUdy of the decomposition of pure 
furfural under the same conditions. The results have been shown in 
Fig. 8 where the of residual furfural has been plotted 

on a logarithmic s^ sjSj^l yjliainst time and compared with a similar 
plot of the decot^nUlilin pf xylose. The graphs showed that both 
reactions wero*'*#'' tbp first order with velocity constants of 
0 0012 min.^ f6r fut‘fural and 0-015 n^.-' for xylose. 

The relatively low value of the velocity constant for furfural and the 
results of previous study showed that the decomposition of furfural 
afte^ it had been formed could not account for all the loss in yield 
and that the decomposition of xylose to tarry products during its 
ddiydration to ftirfural must have been mainly responsible. 







Fig 8 — Decomposition of xylose and furfural in 0 08 per cent sulphuric 

acid at 180" C 


(/) Kinetics of the dehydration of xylose , — ^The data in the previous 
section indicated that the dehydration of xylose involved two 
simultaneous and one consecutive reaction which could be represented 
as follows: 


^3 

> decomposition piodutts 

z 

xylose 

A/j A 2 «. 

> furfural — ^ decomposition products 


The kinetics of these reactions were derived as follows: If after 
time t, X mol. of furfural, z mol. of xylose decomposition products, 
and y mol, of furfural decomposition products have been formed from 



a mol. of xylo$e and if k^, and k^ were the reqwctive first cmder 
reaction constants, the net fuz^al was x — y moL and the quantities 
of each material could be represented by the following formulas: — 


The amount of unchanged pentose = ae 


-{*1 + 


The amount of furfural formed, x ~ 




^1 "i ^3 


(. -/■') 


The amount of xylose decomposition products, 

/ -k,t\ 

I, a Vl - f ) 

^ 

The amount of furfural decomposition products, 

-h,1 


i “ \ 

— c / — hj^a — e ) 

4 ^3 “h k^ 


k^ — ky^ 


The amount of net furfural 


/ -hi 

k^H\e — e } 
(A, + k^){k2 Aj) 


These formulae which were based on the formulas given by 
Saeman for the saccharification of cellulose, enabled /c^ to be calculated 
by substituting for fc, -f fc, and 1,0*015 and 0*0012 min.-’) and a 
known value for the net furfural at a given time (38 per cent, in 60 
mins.). With this value (0*0117 min.-^) it was possible to calculate 
the maximum yield of net furfural by means of the expression: 


^2 



For the decomposition of xylose at 180° C. and 0*08 per cent, 
catalyst concentration the maximum yield of furfural was 60 per 
cent., which might be increased to 78 per cent, if the decomposition 
of furfural was prevented by distilling off the furfural during the 
reaction. 

Fig. 9 the yield of furfural has been plotted for a value of 
0*0117. The calculated curves agree closely with the observed 
results in the early stages of the reaction but diverged slightly as 
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the (^timum yield was approached. No matter how close an agree- 
ment might be obtained, however, it cannot be claimed that this 
represoits a verification of the above theory until a value for \ can 
be obtained by an alternative method. 



Fig. 9. — Comparison of the dehydration of pure xylose with the dehydration 
of the pentoses from pentosans. 


4. The Utilization of Pentosan-containing Materials 

The production of furfural on an industrial scale has been achieved 
by two different techniques which can be distinguished by the use 
made of the lignocellulose which accdtnpanies the pentosans. When 
the demand for furfural is large, the raw materials cheap, and the 
lignocellulose can be regarded as a waste, a single-stage digestion 
process provides the most economic method of furfural production. 
When a suitable outlet for the lignocellulose can be developed, as for 
example in the production of alcohol (4) or paper pulp (1), a two- 
stage process in which the lignocellulose is recovered afta: a mild 
hy^lysis of the pentosans and the furfural recovered by treatment 
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of tihe pentose solution, provides an altranatlve methodL This ^b)iis 
fliU use to be made of the raw material, and permits the utilization 
of materials that are too low in pentosan for a single-stage process. 

' The results of tests of llgnocellulose wastes from furfural inocesses 
as fillers for plastics*, showed that a form of Ugnocellulose with 
properties similar to wood flour could be produced by the hydrolysis 
of oat-hulls under mild conditions. In adidtion, a moderate yield of 
furfural can be obtained in this process by autoclaving the hydrolysis 
llqxiors at 180°C. 

The Ugnocellulose filler was prepared by digesting 50 lb. batches 
of odt-hulls with 1 per cent, sulphuric acid for two hours at 30 lb./sq.in. 
digester pressure and a Uquid/soUd ratio of 3-33 in the small digester 



Fig. 10.— a process for complete utilization of pentosan — containing material. 

* This Journal, p. 272. 
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used in earlier experiments. The lignocellulose was filtered, washed, 
dried, and passed through a disintegrator to break up the cake after 
drying. 85 per cent, of the dry lignocellulose passed through a 
50-mesh wire sieve giving an over-all yield of 44 lb. of air-dry ligno- 
cellulose per 100 lb. of oat-hulls. The average yields of pentose and 
furfural were as follows: 


Pentose in solution 
Unchanged pentosans 
Actual furfural 
Unaccounted 


73-5 per cent. 
18*5 per cent. 
2*7 per cent. 
4-3 per cent. 


The relatively large amount of imchanged pentosans was caused 
by the choice of conditions which had the least damaging effect on 
the lignocellulose. The pentoses were dehydrated to furfural with a 
yield of 50 per cent, giving an over-all yield of 7*5 lb. of furfural 
per 100 lb. of oat-hulls. 


In a large scale two-stage furfural process as shown in Fig. 10, 
880 lb. of lignocellulose and 150 lb. of furfural would be produced 
from 2,000 lb. of oat-hulls compared with 200 lb. of furfural obtained 
from the same quantity in a single-stage process. 

If the lignocellulose produced from oat-hulls was acceptable as a 
substitute for wood flour, the two-stage process would merit further 
development in spite of the lower yield of furfural because the demand 
for fillers in the plastics industry is considerably greater than the 
demand for furfural. 
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L^[i«>c^ulose Residues as Fillers for Phenolic Plastics 
By L. K. D^iton, A.S.T.C* 


Summary. 

Two lignocellulose residues, obtained from the high and low-temperature 
processes for the preparation of furfural, have been tested as fillers for 
phenolic plastics. They were compared with wood-fiour for their effect 
on the tensile and Impact strengths, plastic fiow, and the water resistance 
of the plastic. 


L latrodaction 

The lignocellulose by-product from the production of furfural by 
the digestion of oat-hulls has been examined as a filler for plastics. 
Two lignocellulose residues were tested. The one was a by-product 
from the preparation of pentoses from oat-hulls by digestion at 135°C. 
with 1 per cent sulphuric acid for two hours, as described by Wilson.f 
It is subsequently referred to as lignocellulose I. The other was a 
by-product from the digestion of oat-hulls at 180°C. with 1-5 per cent, 
sulphuric acid with simultaneous distillation to remove furfural, as 
described by Brown, Symons, and Wilson.^ It is referred to as ligno- 
cellulose n. The first was light-brown, contained 28 per cent, lignin, § 
and it had been ground to — 50 mesh. The second was dark-brown, 
contained 48 per cent, lignin, § and it had been ground to — 72 mesh. 
Both residues had been washed free from acid. 

They were compared with a commercial wood-flour in a two-stage 
phenolic plastic composition. The wood-flour was slightly coloured 
and had been ground to — 50 mesh. Moulded speciniens were 
prepared for the determination of the ultimate tensile strength, the 
Izod impact strength, and the water absorption. Cup-flow times were 
determined. 


2. Preparation of f/^ffnAAing Powders 

Duplicate batches of moulc^dtji; ^wders were prepared f(nr each 
filler according to the formula gjtviai below, and two series powders 
were prepared using different methods of mixi]^^ 




Foi^ailsjUi. OF Moulding PowDBt. 

g- 

NTovolak ' . . 

. . . % 

400 

Heiputyl^' 

. 

48 

Mtotrate 


8 

8 


.. / .. 

400 


officer of the Division of Industrial Chemistry, 
t This Journal, p. 258. 


tThls Journal, p. 225. 

§ Determined as the insoluble in 72 per cent, sulphuric acid. See Ott, E.— 
Cellulose and Cellulose Derivatives.*’ Ist. Ed., p. 141. (New York: Inter- 
science Publishers, 1943.) 
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Hie Novolak resin was prepared irom phenol (10 g. mol.) with 
formaldehyde (0-8 g. mol.) using 0-5 per cent, of the total wei^t of 
oxalic acid as catalyst, and with sufficient water to yield a product 
containing 60 per cent, resin. The mixture was heated In an autoclave 
for 120 minutes under a pressure of 10 Ib./sq. in., after which the 
excess phenol was steam-distilled under vacuum and the resin finally 
dehydrated by vacuum distillation. The resin was cooled in shallow 
trajrs and then ground in a hammer mill to — 100 mesh. The 
softening point of the resin was 90°C. 

The powders were mixed either for 20 hours in porcelain pebble 
mills or for 3 hours in half-gallon drums, fitted with three one-inch 
baffles. 


After mixing, the powders were hot-milled for 9 minutes on rolls, 
one of which was heated with steam at a pressure of 25 Ib./sq. in. 
and the other cooled by running water. The sheets front the rolls 
were crushed and then ground to a granular powder in a Christy 
and Norris mill. 


3. Moulding 

For the determination of ultimate tensile strength and Izod impact 
strength, test specimens were moulded according to B.S.S. 771 — 1938, 
and for water absorption according to A.S.T.M. 570 — 1942. The 
cup-flow time was determined according to B.S.S. 771 — 1938. The 
conditions of moulding are given in Table 1. 


Table 1. — Conditions of Moulding. 


Test, 

Number 

of 

Specimens. 

Pre-heating 


Moulding 

Period 

Before 

Testing 

Time. 

Temp. 

Time. ^ 

Temp. 

Pressure. 



min. 

°C. 

niin. 

“C. 

Ib./sq. in. 

days. 

Tonsilo and impact . . 

8 

15 

105 

15 

160-5 

3,400 

7 

Water absorption 

3 

15 


6 

160-5 

3,400 

2 

Cup flow 

2 
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Total 
pressure, 
10 tons 



4. Results 

The results of the tests on the moulded specimens are given in 
Table 2. 

r 

The pi'operties of the moulded plastics depended to some extent 
on whether the moulding powder had been mixed in the drum or in 
the ball-mill. It was thought that the lignocellulose fibres, embrittled 
by the digestion, would be better preserved by using the drum. 
However, an increase in tensile strength was obtained only for the 
plastic filled with lignocellulose I and the impact strengths were 
gai^ally lower. The cup-fiow times were lower and the wata: 




^4 

ftiDiKMption higho* whep the drum was used. Much taam extensive 
testing would be required to determine the effect of this and otha: 
varial^s, but these results are sufBcient to give a preliminary estimate 
of the relative value of these materials as fillers. 


Tablb 2. 


Test 


BaU-MtU 


Bevotviag Drum 

Wood- 

floor 

Q 


Wood- 

floor. 

D 

LO. 

U 

Itod Impact Strength* 
(ft.lb*/^ in notch) — 





■ 

II 

Batch 1 

0*21 

0-23 

0-18 

0-18 



». 2 

0*22 

0-23 

0-17 

0-18 



Mean 

0-22 

0-23 

0-18 

0*18 

Wm 

Isa 

Ultmiftte Ten'ule Strength* 
{lb./»q. m )— 







Batch 1 


5,130 

3,260 

6,400 

5,630 

3,010 

M 2 

Mean 

6,040 


3,820 

5,580 

5,860 

1,880 

5,880 

4,930 

3,540 

5,490 

6,750 

2,450 

Water Absorption (mg )t 
24 hrs. immersion — 







Batch 1 

36 

25 

17 

33 

32 

18 

,.2 

Mean 

35 

24 

17 

34 

30 

18 

36 

25 

17 

34 

31 

18 

Water Absorption (rag.)t 

7 days* immersion — 







Batch 1 

112 

72 

46 

112 

102 

52 

.. 2 

106 

69 

48 

112 

92 

51 

Mean 

109 

71 

47 

112 

97 

52 

Cup Flow Time (secs )% — 







Batch 1 

16 

16 

16 

11 

12 

12 

M 2 

15 

16 

16 

11 

12 

12 

Mean 

16 

16 

16 

11 

12 

12 


* Mean values for 8 specimens from each batch, 
t Mean values for 3 specimens from each batch. 
tMean values for 2 tests on each batch. 


The wood-fiour filled plastic used for comparison is classified bv 
the B.S.S.771 — 1938 as the general type, which has an ultimate tensile 
strength of 5,000 lb./sq, in. and an Izod impact strength of O-ll 
ft.lb./i-in. notch. 

When used as a filler lignocellulose I. produced tensile and impact 
strengths almost the same as obtained with wood-fiour filler, and it 
gave an appreciably lower water absorption. Lignocellulose n. gave 
a much lower tensile straigth and a slightly lower impact strength, 
but q considerably better, lower, water absorption. 

The change of filler had no effect on the fiow time of the plastic. 
As the plastics containing lignocellulose n. did not have lower cup- 
flow times than those containing wood-fiour, it can be concluded 
that the lignin in this fill«r does not contribute to the flow of ttie 
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plastic and therefore cannot be used to extend the resin. This was 
confirmed with a powder prepared with llgnocellulose n. replacing in 
part both the wood-flour and the resin. A h jxi-fiowing, low-strength 
plastic was obtained. 

As no dye or pigment was used in the plasJc the base colours 
could be compared. Although llgnocellulose I, was darker than the 
wood-fiom, it gave a lighter coloured moulding. However, wood-flour 
is obtainable with less colour than the one used. Llgnocellulose TI. 
gave black mouldings 


5. Conclusions 

The llgnocellulose residue obtained by acid digestion at 135°C. 
could be used to replace wood-flour as a filler in phenolic plastics. 
The development of this process for the production of furfural 
and llgnocellulose for use as a filler would require further study of 
the reaction to determine the conditions which give a filler with the 
best properties while obtaining an economic yield of furfural. A use 
for the residue might be found in the manufacture of linoleum and 
building boards. 

The llgnocellulose residue obtained by acid digestion at 180°C. 
IE unsuitable as a filler for phenolic plastics, although it does improve 
their water resistance. Despite its high lignin content this residue 
is also unsuitable as a resin extender, and for this purpose it would 
have to compete with the vast quantities of pure lignin which the 
paper industry is capable of producing. 



Molecular Weight Distribution Curves of Various 
Holocellulose Fractions 


By Beulah Brims, BSc* 


Summary. 

Four residual fractions were prepared from Eucalyptus regnans P. v. M. 
holocellulose by the use of boiling water and sodium hydroxide solutions 
of three different strengths. Molecular weight distribution curves were 
determined for the holocellulose and its fractions. There are indications 
thOt, from the point of view of molecular weight distribution, the carbo- 
hydrates of E. regnans holocellulose exist in two colonies, i.e., the holo- 
cellulose represents a rather heterogeneous material consisting chiefly of 
portions of very low and very high molecular weight, with only a small 
percentage having intermediate values. Treatment with boiling water 
caused a slight increase in the size of the first holocellulose colony, the 
second being correspondingly reduced, while treatment with alkali as 
weak as 0*2 per cent, caused a very marked increase in the size of the 
first colony, the second being so reduced that it represented only a very 
small percentage of the original holocellulose. Similar results were obtained 
by treatment with stronger alkali solutions. Concurrent with this decrease 
in chain length, removal of xylan occurred. Possible reasons for this 
decrease are discussed. 


I. Introducticm 

In early studies on the hemicelluloses of wood, the method of 
preparation of the hemicellulose fractions involved the extraction of 
wood with alkali. Later, procedures were developed for the almost 
complete delignification of cellulosic materials, the residue con- 
taining all, or nearly all, the polysaccharides of the cell wall. The 
skelettsubstanzen ” of Schmidt and the “holocellulose*' of van 
Beckum and Ritter are examples of such residues which may be taken 
as representing the cellulose, cellulosans, and polyuronide hemicellu- 
loses. Using holocellulose as a starting material, several workers have 
subsequently obtained hemicellulosic fractions by treatment with 
alkali solutions, and have analysed these for nitrogen, acetyl, methoxyl, 
xylan, and glucosan contents. Little attention has been paid, however, 
to the distribution of chain length in the residues obtained, or in the 
material extracted, by treatment of hol(^llulose with alkali. 

Following on an investigation of Ekenstam's (1942) method for 
measuring the polymolecularity of pulps, it was thought that some 
interesting results might be revealed by determining the molecular 
weight distribution curves of some alkali fractions prepared from 
E, regnans holocellulose. 


2. Eqierimental 

The material used was the 60-80 mesh fraction from shavings of 
E. regnans which had been ground in a Wiley mill. The wood meal 
was extraoted with distilled water, and this treatment was followed by 
a cold, then hot, alcohol extraction. 

i — — — — 

♦ An officer of the Division of Forest Products. 
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The total carbohydrate fraction was determined by alternate 
treatmoits with chlorine water and cold ammonlacal alcohol (10 ml. 
ammonia of S.G. 0-880 and 90 ml, 99 per cent, alcohol). This method 
was originally used by Kerr and Bailey (1934) for the complete 
removal of lignin from wood sections, and has been modified in this 
laboratory (unpublished work) to be applicable to analytical studies. 
Seven dilorination cycles were employed, and the product, when 
examined, was found to contain all the furfural-yielding groups that 
were present in the original wood. The lignin value was found to be 
1-5 per cent., and, since this was high, an investigation was carried 
out with the object of determining the number of chlorination cycles 
which were necessary for the lowest lignin value, while still retaining 
the furfural-yielding groups. It was established that eight cycles 
were necessary. A bulk sample of holocellulose was then prepared, 
having the same pentosan and with, the same yield as the material 
obtained on the crucible scale with chlorination cycles. It was 
found possible to prepare s\0i samples in amounts of 50 g. at a time. 

The bulk sample of holocellulose represented 81*3 per cent, of 
the moisture-free weight of the extracted wood, and gave a furfural 
yield, calculated as xylan, of 21*9 per cent. From it, three residual 
fractions were prepared by treatment “With 0*2 per cent., 5 per cent., 
and 10 per cent, sodium hydroxide respectively. 

In the preparation of the 0*2 per cent, sodium hydroxide fraction, 
two samples, each of 7*5 g. of air-dry holocellulose, were allowed to 
stand for two hours, with occasional leaking, in contact with 375 ml. 
of aqueous sodium hydroxide containing 0 -75 g. of sodium hydroxide. 
The residue was collected on a sintered-glass funnel and washed with 
water, then with 0*1 per cent, hydrochloric acid, water, and alcohol. 
After a final treatment with ether, it was filtered and left in the air 
to dry. The yields of both samples were 77-2 per cent, of the dry 
weight of holocellulose taken. 

The 5 per cent, sodium hydroxide fraction was prepared by first 
treating two 7-5 g. holocellulose with 0*2 per cent, sodium 

hydroxide as residue was then washed with 

water, drained, aniTwy®^, and aqueous sodium hydroxide was 
added to give 150 ml. of a 5 per cent, solution. After extraction for 
two hours, the material was collected on a sintered-glass funnel and 
washed with 20 ml. of 5 per cent, sodium hydroxide, then with water, 
0*1 per cent, hydrochloric acid, water, alcohol, and ether. The yields 
were 66 *4 per cent, and 66-1 per cent. 

In order to obtain the 10 per cent, sodium hydroxide fraction, the 
procedure for the preparation of the 5 per cent, fraction was followed, 
except that aqueous sodium hydroxide was added to give a 10 per 
cent, solution instead of a 5 per cent, solution. The product was 
washed in turn with 20 ml. each of 10 per cent,, 2*5 per cent., and 
1-25 per cent, sodium hydroxide, and then with water, hydrochloric 
acid, alcohol, and ether^ as before. The yields were 56-3 and 56*6 
per cent. 

A fourth fraction was prepared by treating holocellulose with 
boiling water. 

Molecular weight distribution curves were obtained for each of 
these four factions according to the method of Ekenstam, and they 
are shown in the accompanying figures. 



I. CtnnMdnitiool 

Fig 1 expreeae$ the results of the fractionation as curves in whldh 
tjte emount of material disserved is plotted against the strength of 
add used. Figs. 2 and 4 show the integral weight distribution curves. 
II f(P)dP darotes the number of all molecules having a pol}rmerization 
degM between P and P + dP, then Pf(P)dP measures the total 
amount (by weight) of the material which is present in this degree of 
polymerization. Hence the curves in Figs. 2 and 4 represoit 
F(P) = P/(P)dP. Ih order to get the weight distribution 

u 

function g(P) «=. Pf(P), it is necessary to differentiate the integral 
weight distribution curves and plot the result against P. The curves 
so obtained are the differential weight distribution curves. Figs. 3 
and 5 show curves which are the result of differentiating the integral 
weight distribution curves of Figs. 2 and 4 and plotting the re^ts 
against P. 

It can be seen from Fig. 1 that about ^4 per cent, of the holocellu- 
iose did not dissolve in the strongest acid used, i.e., 74 per cent, 
consisted of chains with a degree of polymerization greater than 1,200. 
Ekenstam’s method only gives information on the form of the 
distribution function at chain lengths up to 1,200, and does not allow 
the completion of the g(P) curve. Hence the differential weight 
distribution curve for holocellulose shows the distribution in holo- 
cdlulose of those chains with a degree of polymerization less than 
1,200. Similarly, the curve for the boiling-water fraction represents 
the distribution of chain length in only 40 per cent, of the water- 
extracted holocellulose. 

f •o-ejb MoOM fnactiori 

(D O MoOH froction 



Fig. 1.— Fraetionatiem curves. 
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By fractionation of spruce holocellulose, using the fractional solu- 
ticm method of Delmetsch and Reinecke, Atchison (1943) obtained a 
differential weight distribution curve containing two maxima and 
suggested that the carbohydrate existed in two “colonies.” The 
average degree of polymerization for spruce holocellulose represented 
a very heterogeneous material which consisted of portions of very 
low and very high molecular weight, with only a small percentage 
having intermediate values. Distributions of the “ two-colony ” 
variety similar to that of Atchison have been reported (Coppick, 1944) 
also for rayons prepared from wood pulp as well as the original 
bleached sulphite pulp from which the rayons were prepared. Little, 
or no, “ two-colony ” effects were observed for bleached cotton linters, 
or for the rayons prepared from these. 



Fig 2 - -Integral weight distribution curves ♦ 





Fig. 3. — ^Differential weight distribution curves 


Since the holocellulose curve represented in Figs. 3 and 5 shows 
the results of fractionation for only about 26 per cent, of the holo- 
cellulose with a degree of polymerization below 1,200, it is possible 
that the curve forms the first hump of a “ two-colony ” curve similar 
to that of Atchison. 


* For key, see graphs on next page 



From Ti4)le 1, it can be ee«i ti»at IS-T per cent of the hoiooelliilow 
disaidved on treatment with boiling water. Of the nesiduel 84'3 per 
cent, 40 per cent, had a degree of polymerization leu than 1,200, 
and 60 per cent, had a degree of polymerization greater than 1,200, 
Le., aa a result of the treatment, 15*7 per cent of the original holo* 
o^ulose dissolved, while 33*7 per cent, was left with a degree of 
polsnnerization less than 1,200 and 50 •€ per cent, with a degree of 
polymerization greater than 1,200. The curves in Figs. 3 and 5 show 
die distribution function for degress of polymerization up to 1,200, 
so that the curves for the boiling-water fraction only give the distri- 
bution in chain length for the material which repres^ts 33 >7 per 
cmt. of the holocellulose. These results may be interpreted as 
diowing that the d'fferential weight distribution curves for the 
boiling-water fraction, shown in Figs. 3 and 5, form the first humps 
of “ two-colony ” curves. Similarly, the curves for the three sodium 
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kydroxide fractions give the distribution in 69’5, 61*9, and 51*5 per 
cent, respectively, oflthe holocellulose, and form the first hvunps of 
" two-co^y " curves. 
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The graphs show that treatment with boiling water caused a 
slight increase in the size of the first holocellulose colony. The 0*2 
per cent, sodium hydroxide extraction caused a very marked increase 
in the size of the first hump, the second hump being very much 
reduced so that it represents the distribution in only 7*7 per cent, 
of the original holocellulose. ]!pie 5 per cent, and 10 per cent alkalj 
treatments brought about furOwr increases in the first hump, the 
second being correspondingly reduced and showing the distribution in 
only 4*4 and 4*9 per cent, respectively of the holocellulose. With 
an increase in the strength of alkali used in the extractions, the mean 
value for the degree of polymerization in the distributions represented 
by the first hump increased, while the second hump decreased, until, 
on treatment with 10 per cent, caustic soda, the second hump became 
very small, and the first asstahed a form similar to that of bleached 
pulps. The fact that tiie mean degree of polymerization for the first 
colony increased as the strength of alkali increased indicates that, as 
the alkali treatment became stronger, the chains of the second colony 
were ruptured into fragments somewhat longer than the original 
members of the first colony of which tiiey then became part. 

Some consideration will be given now to the holocellulose deter- 
mination, since this has some bearing on the discussion in the follow- 
ing section. 

In the preparation of the B. regnana holocellulose used in the work 
described in this paper, the dhlorintfting medium was an aqueous 
solution of chlorine, (^lorine, in water, undergoes the reversible 
hydrolysis: 

a, + H,o H* 4- a- + Hoa. 

Hypodikuroos add, formed by the hydrolysis, may dissociate accord- 
ing to the equatioa HOCS^IT -f* OQ'. It is evld«it that the degree 
of acidity or alkalinity df an aqueoiM sohitien of chlorine greatly 
o.iei«/47— 9 
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affect its compotitioa. nie «dutlon ussii in tiw hotoceHutose 
dete rm i n a t io n contained 6 g. per litre of active diloiiite, and luud a pH 
of i'g. Under these cmditions, there was a lat^ amount of 
mel eeula r ddorine and hypodblorous acid, but practically no hypo- 
dUOrite imi. The hydrogen ion concentration of an aqueous dilorlne 
adtution also affects the intensity of its oxidizing activity, as measured 
by its oxidaticm potential. Of the three forms taken by dilorlne in 
aqueoua solution, the most dfective from the standpoint of oxidation 
is hypodilorous acid, molecular chlorine being somewhat less active, 
and hypochlorite ion markedly less so. 

Chlorine reacts with lignin in at least two distinct ways. The 
drst of tiiese, a chlorination reaction, takes place very rapidly, the 
vdoctty dQiending on the acidity of the solution. The second reaction 
is me of oxidatim, and proceeds at a mudi slower rate, although it 
is mme rapid in acid than in alkaline solutions. In treating lignified 
cdlulose material with chlorine water, the hydrolysis of chlorine and 
tiw reaction with lignin take place very rapidly, accompanied by an 
increase in hydrogen ion concentration. Under these condltlms, the 
lignin is halogmated to practical saturation within a few minutes, the 
oiddation reaction being so much slower that little oxidation can take 
place. The chloiine-Ugnin derivative is readily soluble in dilute alkali 
and may be removed by alkaline extractim. If the quantity of 
chlorine added to the material is greater than that which can be 
cmsumed by direct reaction with lignin, such excess is used up by 
oxidation of the organic matter present, including the dUorinated 
lignin products in solution, the chlorinated lignin remaining on the 
fibres, as well as the cellulose itself. Data of Voigtman (1933) show 
that use of excessive quantities of chlorine during the chlorination 
stage of sulphite pulp bleaching leads to a sharp drop in cupram- 
monium viscosity. The results of various workers (Wise, 1944, p. 744) 
indicate that acid hydrolysis of cellulose as a result of the acid condi- 
tions present during chlorination is not an important factor in 
cellulose degradation. 


4. Discasdoa 

The cellulose fabric in the secondary cell wall of plants forms a 
system which consists of a matrix of cellulose fibrils. This matrix is 
interpenetrated by a system of inter-connecting capillaries in which 
are deposited the amorphous cell wall constituents, mainly lignin and 
polysaccharides described as hemicelluloses. Similarly, eadi fibril 
consists of a complex network of micelles interspersed with a sub- 
microscopic system of canals containing amorphous material. There 
is a gradual transition from the crystalline to the amorphous r^ioitiui, 
with the transition boundaries consisting of a mixture of cellu)i;l||c 
and hemicellulosic material. 

Hemicelluloses are polysaccharides of at least two types, with 
different roles and from different locations in the cell walL Undo* 
the general title of hemicelluloses are included those ahiorihous 
poihwiccharides that form part of the sirstem intopenetrating and 
encrusting the cellulose fabric, as well as the cellulosans that form 
part of the cellulcNe fabric itsdf . 



One tiieory concerning the structure of wood celluloses envisages 
^leir intimate association as a q)ecial case of mixed crystallization in 
whldi the component molecules are chains co nsta ting either of glucose 
units, as in cellulose, or xylose tmits, as in the cellulosans (Astbury 
et dL, 1935; Norman, 1937, p. 23). These dudns are orientated and 
distributed at random through Ae micelle, the main longitudinal 
stability of whidi is provided by the long-chain cellulose components. 
According to Norman (1937, p. 28), there may be mixed chains of 
xjdan and cellulose. It is not suggested that the units are jumbled 
aibng the chains, but that imperfect chains might occur, the whole 
length of which would be indistinguishable from that of a true cellu- 
lose chain. Schmidt’s theory demands a chemical linkage and regular 
quantitative relatlondiip between true cellulose and cellulosan 
(Schmidt, 1932). As a result of investigation of red beech, he held 
that there was a definite and constant relationship betwem the 
amounts of “ difificultly-soluble ” xylan and cellulose, ftese two being 
combined in an ester linkage. He was of the opinion that there were 
two xylan molecules linked with every cellulose molecule. No other 
workers have found such a simple stoichiometric relationship, and 
LQdtke, specifically investigating the ester theory, was unable to find 
evidence supporting it. 

The action of alkah solutions on pure cellulose will now be 
considered. The closdy-packed, crystalline arrangement of the long 
cellulose molecules in the fibre makes it difficult for reacting molecules 
to enter between them, and necessitates an expansion of the crystal 
lattice and a breaking of the bonding between various hydroxyl 
groups on one chain to hydroxyl groups or ring oxs^gens on adjacent 
chains by hydrogen bridges. Reactions with c^ulose are therefore 
of a highly heterogeneous nature, this being due to the long-diain 
molecular structure, and the micellar and fibre structure, which leads 
respectively to a random arrangement of substituted groups along 
the chains of glucose residues, higher substitution in the outer chains 
of the crystallites, and higher substitution in the outer sections of 
the fibres. Wise, in discussing the mechanism of cellulose-derivative 
formation, states, “ The changes in X-ray diffraction patterns during 
derivative formation are generally explained on the basis of a micellar 
heterogeneous reaction. Hie reagent is assumed first to penetrate 
the fibre through its intermicellar spaces, and then to attack the 
cellulose chains on the surfaces, proceeding inwards, so that there 
is a progressive change from a completely reacted surface, through a 
partially reacted area to an unreacted interioi'.” 

There is evidence to support the fact that some micelles may 
react to a greater extent than others, and, furthermore, microscopic 
eitamination of cellulose fibres at different stages of reaction shows 
that reaction starts on the surface of the fibre and {ooceeds inwards 
in progressive stages. . 

When a cellulose fibre comes into contact with water or other 
Uquids, although adsorption may be regarded as the first process 
whidi occurs, the phenomenon of swelling is closely related to it. A 
distinct change of the X-ray diagram of the fibre is bdieved to 
Indicate tiiat the liquid haa advanced into the interior of the chain 
bundles, so producing intramlcellar swelling, and ottered into a 



restttti la the tmoMtion of ^ oontponiid betaneeia 
end the swdlii^ agent Tlw lack of a dletiiust duosge hi the 
attera generehy tndicatea that the molecules of the llqfuid 
adied thenuelves only to the outer surface of the fibre and 
itofaces between the micelles, producing intrnnkeUar swell- 
the case of water. X-ray analysis of the ^ulose-water system 
_ireted to diow that penetration is only as far as die surfaces 
the micdles (Heuser, 1944, p. 42). The penetration is accompanied 
hy swelling, wdiidi sets in as soon as the water enters the intermicellar 
spaces. Further poaetratlon into the intramlcellar spaces occurs only 
if ^ crystalline structure is essentially loosened and widened, as in 
the case wh«i the fibre is treated with a strcmg swelling agent 

Wh««e6 water causes intermicellar swelling in cellulose, this 
effect is enhanced with alkali solutions. B^w a certain alkali 
concentration, the penetration into the spaces between the diains is 
regarded as very limited (Wise, 1944, p. 196; Heuser, 1944, p. 67). 
Thus, below concentrations of about 10 per cent, it is considered that 
Only intermicellar swelling occurs, and that the alkali penetrates the 
araoridioiu regions, being taken up ^ls well by adsorption or reaction 
on tlm surfaces of the miceUes. With increased alk^ concentration, 
intramlcellar swelling occurs with the formation of alkali cellulose, 
diowing an expanded crystal lattice in which there is a rupture of 
Ae bridging hydrogen bonds. This view is supported both by X-ray 
analyds (Katz and Selberlich, 1940; Houser, 1944, p. 68) and 
ihemical methods (Heuser, 1944, p. 69). 

Consideration of Table 1 shows ^t whereas more than 70 per 
cent, of holocellulose and 60 per cent, of the residue left after 
treatment with boiling water consisted of chains of a degree of 
polymerization greater than 1,200, not more than 10 per cent, of the 
thi^ residues left after treatment with 0*2, 5, and 10 per cent, sodium 
hydroxide solutions respectively was made up of chains longer than 
this. It can be seen, therefore, that, whereas boiling water had little 
effect in reducing the large number of long cellulose chains in holo- 
cellulose, alkali as weak as 0-2 per cent, reduced the amount of long- 
chained holocellulose by about 60 per cent., and the alkali solutions 
of higher concentration had practically the same effect. 

The boiling-water treatment removed 15-7 per cent, of the holo- 
cellulose, while the 0-2 per cent, alkali solution removed 22'8 per 
cent. Hence, the 0*2 per cent solution removed an extra 7*1 per 
cent of the original material, at the same time causing a very 
considerable decree^ in the chain 14|4:th. This decrease must be 
due to one of twW.itwuses. Either the actual treatment with weak 
alkali brought abdiit, in some way, the rupture of some of the linkages 
in the ceUul^;cliains; or the removal of part, or all, of that material 
included in w 7*1 per cent caused breakdown of the chains. The 
latt^ case will be considered first 

material removed by boiling-water and dilute-alkali treatment 
Qonnliad of polyuronides and xylan. If the removal of polsruronides 
OMised tile breakdown of the diains, the polyuronides would have to 
be asgpda^ with the cellulose in one of two ways suggested at the 
bcffiimtaig of the discusskm, te., th^ would necessarily eitiier form 
port tihe cdhilose chains, w be induded in the miceUe as sq;>arate 



chaini. Die I^resence ot i>olyuronldes In the micelle Is not llkdy. 
Ayoan?dhig to Ott, the Introduction of even a single polyuronide unit 
into the unit cell of the micelle would crowd it to Ae point of 
distortiiHi (Ott, 1942). Xylan, thoi, remains as the mily material 
vrhoae removal may cause the decrease in diain length. 

Table 2. 


Treatment 


Reeidi te 
(Percentage of 
Bolooellulose) 


Xylan In Aaeidue 
(Fercentase of 
Holocelluloae) 


Boiling water 

0*2 per oent. alkali solution .. 
5 per oent. alkab solution 
10 per oent. alkali solution 


84*3 

77*2 

86*3 

56*4 


13*9 

11*9 

4*1 

1*2 


Xylan Eemoved 
(Percentage of 
Holocellnloee) 


8*0 
10*0 
17 *8 
20*7 


Table 2 shows that the boiling water residue contained 13-9 per 
cent, of furfural-yielding mateiM (calculated as xylan on a holo- 
cellulose basis), while the 0*2 per cent, alkali residue contained 11*9 
per cent. The furfural-yielding content of holocellulose is 21-9 per 
cent., so that 8 per cent, of the original furfural-yielding material in 
holocellulose was removed by hot water, while 10 per cent, was 
removed by 0*2 per cent, sodium hydroxide. Thus if the 
decrease in chain length can be attributed to the removal of material 
by 0-2 per cent, alkali, the material must be all, or part of, the xylan 
in this extra 2 per cent, removed by the sodium hydroxide solution, 
Also, this xylan must be intimately associated with the cellulose, 
either as part of the celtulgg^ chains, or as separate dialns in the 
micelle. 

It has already been pointed out that 0-2 per cent, alkali only pene- 
trates the intermlcellar spaces and amorphous regions of cellulose. 
If wood cellulose is considered to have xylan chains distributed 
throughout the micelle, this strength of alkali can only attack the 
xylan chains at the surfaces of the micelles or in the amorphous 
regions. The consequence of such an attack would be the freehig of 
accessible xylan chains, and their dissolution in amounts depending 
on their r»hnin length. The removal of xylan in this way from sudi 
a cellulose-fabric model would cause no decrease in the amount of 
long cellulose diains. 

If, however, wood cellulose is considered as having xylan units 
incorporated within the chains, a removal of xylan would be able to 
cause a marked decrease in cellulose (hain Imigth. As in the first 
case, the on penetrating the intermlcellar spaces and amorphous 
radons would be able to remove xylan units from these regions. 
Passing through the amorphous areas are many of the long cellulose 
chains which continue their length through these regions and several 
micelles. These chains will be in a position for attack by any liquid 
which penetrates the amorphous areas. If xylan units are distributed 
at random throughout the cellulose chains, many will be placed in 
those parts of the dudn whidi pass through the intermlcellar reg^XM* 
An atteuh on the xylan in these posltkms and its consequent removal. 
Would cause a decrease in the length of the chains from whidi it had 



bMB icmovad, thiui, if iMidts z«vealed bgr the disMbatlttk 
Wirves are due to tiie removal of xylaa by the 0*2 fier cent, alkali 
apAition, this xylan must form part of &e chains thenuelves. 

Xt is hard to see how the bonds at the junction of the 3^1an portlcm 
of dw chain and the cellulose portion could be broken fay the alkali 
treatment, as they are primary valence linkages, and one would 
expect that It would be no easier to break the llidcage between xylose 
unit and glucose unit, than between two cellulose units. 

Ihe decrease in dhain length produced by the action of dilute 
alkali may be due, not to the removal of any group from the cellulose 
idiain, but to weak linkages in the chain itself. According to Horio* 
<private communicaticm), who discussed the matto* under considera- 
tion, “ It is rathw more natural to assume that there exist linkages 
in cdlulose chains of holocellulose which are comparatively 
stable in acid, but particularly weak in alkali, and evoi in extremely 
dilute caustic alkali solutions.” 


The work of Davidson (1938) makes available experimental 
evidmce for the discussion. He examined the relation between nitro- 
cdlulose fluidities and cellulose fluidities of oxycelluloses prepared 
from cotton cellulose by vcuious treatments. He found that the 
oxycelluloses could be divided into two classes. The relation between 
the c^ulose and nitrocellulose fluidities of those prepared by means 
of alkaline oxidizing solutions was almost the same as that between 
die two fluidities of hydroceUulose. It was not affected by alkaline 
treatment of the original oxycellulose. Those prepared with neutral 
or acid oxidizing solutions gave lower nitrocellulose fluidities than 
hydrocelluloses of equal cellulose fluidity, and the nitrocellulose 
fluidity of these might be increased even by cold treatments of the 
original oxycellulose with feebly alkaline solutions. 


After boiling with dilute sodium hydroxide solution, all types of 
tnodified cotton gave the same relation between cellulose fluidity and 
nitrocellulose fluidity. 


As an explanation of this observation, it was suggested that, in 
goiertd, the oxidation of cellulose does not lead directly to the rupture 
of glycosidic linkages, but merely renders them extremely susceptible 
to hydrolysis by alkali. ^In the case of oxycelluloses formed in acid or 
neutral media, the original chain length is largely retained. 
Subsequent treatment of these oxycelluloses by alkali, however, causes 
a decrease in chain length, due to the breaking of alkali-sensitive 
glycosidic linkages. For oxycelluloses prepared by alkaline oxidants, 
this is not the oise. The oxidation flrst leads to the production of 
linkages which are extremely sensitive to alkali, and these are then 
tvoken by the nl|hH present in the oxidizing mixture. If these 
oxircelluloses are ffven a subsequent treatment with alkali, their 
(dialn length is htu^y affected. 


Since the weakened glycosidic linkages are so easily brol^ 

Ihe action of bases, it is to be expected that they will be affe 
Jtxycelluloae prepared in an acid medliun is dissolved in cupraig lum 
lndiitWi. In euch cases the cui«tuxnnonium viscosity doe| : 

* Inrtltato of Fibre Chemistry, Kyoto Imperil^ Unlvsepi^, ' 
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the chain loigth of the oxycdlolose as it results from the oxidation, 
but a dhain length which has subsequoitly been shortened under the 
influoice of the cuprammonium base. 

In view of the suggestion given by Jackson and Hudson (1936, 
1937), Davidson postulated that the mechanism of the shortening 
in diain length of oxycellulose produced by neutral or acid oxidizing 
agents involved the formation of a primary oxidation product in this 
manner: — 


, CHO-Gl 

I 

CHOH 

I — 

CHOH 


CHO-Gl 


CHjOH 


> 


j’* CHO— Cl 

I I 

I CHO 
O 

CHO 

I 

CHO-Gl 



CH,OH 


It was further assumed that the linkage between erythrose and the 
glucose radical of this primary oxidation product is susceptible 
towards the hydrolytic action of alkalis. 

In the preceding section, it was mentioned that the chlorine water 
used in the preparation of holocellulose had a pH of 1*8, and under 
this condition contained large amounts of molecular chlorine and 
hypochlorous acid. As pointed out above, diuring the treatment of 
wood with chlorine, the lignin is very rapidly attacked and so exerts 
a protecting influence against the degradation of cellulose. If there 
is a large amount of chlorine water present, the excess is used up 
by oxidation of organic matter, including the cellulose, and so acts as 
an acid oxidizing agent upon cellulose. As such, the chlorine water 
is in a position to produce alkali-sensitive linkages in holocellulose. 
A solution of ammonlacal alcohol wsis used to dissolve the chlorinated 
lignin. This solution would break the alkali-sensitive linkages to 
some extent, but, according to Davidson (1938), the breaking action 
of ammonia is very much weaker than that of caustic soda. During 
the eight chlorination cycles used in the preparation of holocellulose, 
it is possible that eilkali-sensitive linkages are accumulated, so the 
holocelliilose might be regarded as an acld-oxldlzed oxycellulose. 
When this material is brought mto contact with alkali, the solution 
would be able to break the sensitive linkages in the amorphous areas 
and on the surfaces of the micelles. This would lead to a shortening 
of 'the chain length. 
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The Preparation of a Wood Sample for Ch^icdi 

Analysis 

Bi, A, J. Wohen, AM.T.C.* 

Summary. 

InvestigatioiiB have been carried out on rix diiferent eucalypt woods to 
ascertain whether dUterenoes existed between 60-80 mesh and 60 — mecdi 
samples lot each species and whether there was any method of correlatini^ 
values obtained from scunples of different particle size. 

It was established that differences did exist between the 60-80 and the 
60 — merii samples, such differences being consistent with losses of 
extraneous material from the 60-60 sample. In addition to these losses 
the greater ease of extraction of the finely ground material in the 60 — 
sample gives rise to marked differences in the values obtained for the 60-80 
and the 60 — samples for determinations such as hot water solubility and 
alkali solubility. As no constant ratio existed between the values obtained 
for the 60-80 and 60 — mesh samples for those determinations which were 
considered to be Independent of particle size, it was hot possible to establish 
any relationship between these two fractions. 

In the light of the data obtained it would appear that the 60 — mesh 
sample is satisfactory for the analysis of eucalypts provided that due 
attention is paid to the method of preparing the sample. 

1. introduction 

The method employed in the preparation of a sample for analysis 
is of fundamental importance if the results are to be representative 
of the material being examined. This applies particularly to a 
substance such as wood, which has to be reduced to a finely divided 
state prior to analysis. A censiderable amount of attention has been 
paid to this problem, both within the Division of Forest Products and 
in various overseas institutions. The problem of the preparation of 
samples for analysis from Australian woods has been discussed by 
Cohen and Mackney (1) who made an examination of sampl^ 
prepared using either a mill with a cutting action (Wiley mill), or 
one with an impact action (Christy and Norris mill). Representative 
samples of two species were used for their investigation: Euccdyptua 
regncma F. v. M. selected as being representative of those woods which 
are practically free from extraneous materials, and Eucalyptus 
margmata Sm. as representing woods which contain large amounts 
of extractives. A number of samples of different particle size were 
{nepared from both woods and then analysed for xylan content, 
lignin, and Cross and Bevan cellulose. As a result of their investiga- 
tions the following conclusions were reached: — 

(i) Very fine conuninution of the sample leads to some 

degradation of the Cross and Bevan ctfuiose during its 
isolation. 

• 

(ii) It Is possible to acc^t for analysis either the 60-80 mesh 

fraction or the 60 sample of E. regnans. The former 
is inreferable because of uniform particle size, but in case 

*An officer of the Dirision of Forest Products. 

tThroughout this paper the term 60 — sample is used to denote a sample 
passing a 60 merii screen, 60-60 sample is the material that passes a 60 modi 
screen but Is retained on an 80 merit screen. 




of ddtd>t wbiMo woods may contact larfor amouats of 
extraneous matorlals, it would be safer to use tiie 60 — 
sample. 

(Ul) Witii samples of E. marginata It is not possible to disregard 
die fines in preparing a sample for analysis, llierefore 
the 60 — sample shcnild be used. 

As a result of these conclusions it was consldaed that it might 
he possible to divide the various woods into two groups according to 
the amount of extraneous materials that they contained. Ihe 60-80 
ftaction would be used for the analysis of species low in extractives 
and the 60-sample for all those containing large amounts of extraneous 
materials. However, a series of analyses carried out on samples of 
marri (Eucalyptw caloi^yUa R.Br.) showed that, even with the same 
qiecies, samples could be obtain^ which. dUEeired widely in the 
amounts of extraneous materials they contained. It was obvious 
therefore that any question of dividing woods into groups, according 
to their extractives, was impracticable. 

Apart from any question of the Cross and Bevan cellulose being 
partially degraded because of over-chlorination of the finely ground 
material in the 60 — sample, the fines in the sample made it more 
difficult to filter, with the result that the total time required for the 
determination was considerably prolonged. The need for avoiding 
over-chlorination of the finely ground materials has become more 
pronounced since 1939, when the paper by Cohen and Mackney was 
published, because an additional analytical procedure involving 
repeated chlorination treatments, viz., the holocdlulose determination, 
has become a general routine practice for the analysis of woods in 
this laboratory. 

One method which offered a possible solution to this problem was 
to use the 60-80 sample for all determinations involving chlorination 
treatments and the 60 — sample for all other determinations. It was 
realized that, particuUu'ly in the case of woods which contained large 
amounts of extractives, the composition of the 60-80 sample might 
differ from that of the 60 — sample, but it was considered that it 
might be possible to compare the 60-80 and 60 — samples on the 
basis of analytical data and, by establishing a ratio between the two 
samples, to calculate all^ results so that they could be expressed as a 
percentage of the 60 — sani^e. In order to ascertain the feasibility 
or otherwise of such e pneedure, an investigation was planned using 
a number of differsitfet esOods, ranging from those practically free 
from extraneous to those rich in extractives. 

} 

Z. Eiperimeiital 

The foltoUlill^lglEtpalypts were selected for this investigation: — 
E. regnana F.lttpt, E. obliqua L’Herit., E. diveraicolor F. v. M., E. 
marginata robu^ Sm., and E. polyanfhemoa Schau. 

One specimdR of eadi of these woods was selected and reduced 
to anall chips. Aittac these chips had been thoroughly mixed they 
were divided into two sections, both of which were milled in the 
Wfiey mill until all the material, with the exception of 2 to 3 par 
cent, fa^d passed the 60 mesh screen. The small amount of mate^ 
that was rejected consisted almost entirdy of particles wfaidi lodged 



briiind knives and on ledges in the Wiley mill, and as a ccmsequoioe 
were retained in the milL There was no reason to araume that this 
material differed in composition from the remainder of the sample. 
The 60, 80, and 100 meidi screens whidi were used in tills eiqieriment 
were tested for aperture size by the Munitions Supply Laboratories at 
Marlbymong. It was found that the 80 and 100 mesh screens both 
conformed to international standard specifications, but that the 
aperture of the 60 mesh screen was approximately 11 per cent, larger 
than that specified, i.e., 0*0111 inches instead of 0*0099 ±0*00(0 
inches. The milling of the sample was carried out by feeding fte 
diipped wood into the mill with the 1 mm. screen in position. iUl 
subsequent milling of the oversize material retained on the 60 medi 
screoi was performed using the 0*75 mm. mill screen. The overdze 
material was returned to the mill until only 2 to 3 per cent. r«nalned 
on the 60 mesh screen and in the mill. 

The following determinations were carried out on both the 60-80 
and the 60 — mesh samples: percentage soluble in hot water, 
percentage soluble in 0*1 normal alkali, alcohol solubility, lignin (2), 
furfural content (3), methoxyl content (4), atii content and alkaliniW 
of the ash (5), while Ch-oss and Bevan cellulose (6), holoceUulose (7), 
and furfural in holoceUulose (3) were determined only on the 6()-M 
sample. The above determinations were carried out in dupUcate, 
with the exception of the furfural yield, which was determined in 
tripUcate, and the Cross and Bevan ceUulose and holoceUulose, for 
which the determinations were carried out in quadrupUcate. 

The values obtained for the various determinations on both the 
60-80 and the 60 — samples for the six woods are set out in Table 1. 


3. Discussion 

It was assumed in this investigation that those determinations in 
which the structure of the wood was destroyed during the course of 
the determination were independent of the particle size. In these 
determinations any differences in the vfdues obtained for the 60-80 and 
the 60 — samples should be due only to variations in their composi- 
tion. (k>nsequently the ratio of the 60-80 fraction to the total sample 
(60 — ) should be a measure of any differences in composition between 
these two samples. It was considered that the foUowlng determina- 
tions would not be influenced by particle size: furfural yield, methoxyl 
content, ash content, alkedinity of ash, and lignin content. Of these 
determinations it was found that only the first two gave values which 
permitted any definite conclusions to be drawn. The values obtained 
for the ash content and the alkalinity of the ash were so smaU that 
the experimental errors involved prevented any definite conclusions 
being drawn from these results. Although the lignin determination 
is independent of particle size, at least within the limits of tiie present 
experiment, the actual value may have been influenced by the alkaline 
pretreatment whidi is definitely influenced by particle size. Evoi in 
the case of the furfural yield there is evidence (unpublidied work) 
that the particle size may influence the total furfural evolved. Ikiw- 
ever. this difference was detected, not between wood sanqdes which 
closely resmbled each other In partide size, such as the 60-80 and 
66-— samples used in the presoit experlmoit^ but between materlalB 



Tabui 1.— SHowma Amalthcal Data OBTAmno on 60-M and 60 — RATynn.RH rtat 
(Only columns 6, 7, and 13 have been subjected to statisticai analysis.) 
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wHldOr different In partlde size, sudi as wood <±ips and finely ground 
wood. Consequoitly any difference in the furfural jddd from the 
fi0>80 and ffie 60 — samples, due to variation in particle size, cotdd 
be expected to be extremely small. 

An examination of the values obtained as set out in Table 1 makes 
it evident that there were differences between the 60-80 mesh and 
the 60 — mesh material for all the samples examined. With two or 
three minor exceptions all differences between these two samples were 
consistent with the 60-80 sample containing less extraneous material 
than the total sample, as represented by the 60 — material. These 
diffoences can be seen more clearly if the furfural yields and the 
methoxyl contents of the 60-80 and the 60 — samples are examined. 
A statistical analysis of these results Indicated that the values 
obtained for the 60 — samples were on the whole significantly lower 
than those on the 60-80 samples, lliese differences, however, were 
quite small and in some cases were not significant when the results 
from individual species were compared. Also the ratio of the values 
obtained for the 60-80 samples to those of the 60 — samples was not 
the same for the furfural yield as for the methoxyl content. 

The determinations in vdiidi particle size might be expected to 
exert some influence, viz., solubility in sodium hydroxide or hot water, 
showed much greater differ«ices between the 60-80 and*the 60 — 
samples. This is not surprising because they were both determined 
under empirical conditions, namely, extraction in a boiling water bath 
for one hour. It was only to be expected, therefore, that the hot water 
or alkali soluble materials would be removed more rapidly from the 
smaller sized particles, thus giving a higher extraction value for the 
60 — sample. Iliis point was-^hecked by taking some of the 60-80 
merii material for each wood and milling it in the Wiley mill until it 
piissed an 80 mesh screen. This was screened so as to give 80-100 and 
100 — mesh fractions. The 60 — sample for all the woods was 
screened and the relative amounts of 60-80, 80-100, and 100 — mesii 
material noted. The various fractions from the ground 60-80 sample 
were then mixed in the same proportions. In this way a sample 
which resembled the 60 — material in particle size was prepared from 
the 60-80 sample. As no particular fraction had bera rejected, any 
differences between the samples could be due only to particle size. 
The values for the hot water solubles in the original 60-80 sample 
and the same material after milling to resemble a 60 — sample, as 
far as particle size was concerned, are shown in Table 2. Statistical 
examination indicated that, with the exception of E. marginata, 
significant differoices existed between the values obtained for these 
two samples. These results demonstrated quite definitely that two 
factors were involved in tiie differmit values obtained, (a) the loss of 
finely groimd materials, which are rich in extractives, from the 
60-80 sample, and (b) ^e greater rase of extraction from the flnefy 
ground material in the 60 — sample. 

The determination of sohibffity in alcohol is carried out in a 
Soldilet extracts until no further colouring material is rraooved. Any 
dlffraences in alcohol solubility between the 60-80 and the <60 — 
sratples should tiierefrae be doe only to differences in their composi- 
tion. tn tMs ease the ratios of the matmial insoioUe in alRdHd rwther 



fiUtQ Itw cleoiKA «diuMlity m«ut te cnutlttawl. nieafe rtOda, toteltiir 
with tiioM obtained fnnn the furfural, and methoxyl detennlnatfama, 
are dtown in Table 3. 


TIBUB 2. — SHOWmO PSaCKltTAOB SOLCTLB IN HOT WATDB IN THI 60-80 
Sample and in a Pobtion or the Same Sample Aftbb MIllinq 
<10 CBVB a SIMILAB RANCa OF PABTICLE SQSE TO A 60 — SAMPLE. 


i 

SpeotoR * 

Perocptage Soluble tn Hot Water. 

On Sample. 

On 60-80 Sample 
Milled to BeeemUe 

60- Sample. 

M, dimrnoolar 

6-1 

6 -St 

mofginata 

5*6 

5*9 

X, Miqua . . 

7*7 

8-6t 

X, paiifanihemod 

14*6 

16 •2t 

X. r$gnans . . 

3*45 

4-40t 


*Not sufficient 60-80 sample of E. robuata available for analysis, 
t Differences significant at the 1 per cent, level, 
t Differences significant at the 5 per cent, level. 


Table 3. — Showinq Ratios of Fubfubal Yield, Methoxyl Content 
AND Matebial Insoluble in Alcohol as Detekminbd on 60 — 
AitD 60-80 Samples. 


Spedee. 


Fnifural Yield. 

Methoxyl Content. 

Material 

Inaoluble in Alcohol. 

X. diversicolor 


100*3 

96*8 

99*1 

X, marginata 


98*2 

96*8 

99*1 

X. Mtqua . . 

. , 

98*4 

95 ‘4 

98*2 

X, poiyanthemos 

. . 

96-5 

97-5 

97*2 

X. regnans . . 

. . 

99-4 

98.4 

99 7 

E, roinuia .. 


98*9 

98.1 

97*5 


As these three determinations are the only ones which may enable 
results obtained on a 60-80 sample to be calculated to a total wood 
basis, as represented by the 60 — sample, it is of interest to examine 
these ratios. It is ov|dent that there was little agreement between 
the ratios obtaipUd j^m any of the three determinations. It is 
improbable thnt all these differences can be attributed to experimental 
errors, as the r^licates in all three of these determinations agreed 
very closely. In general the ratios for the material insoluble in 
alccdiol, and the furfural yield, follow a similar trend, but there is 
no simOarity between the ratios of either of these determinations and 
ttiat obtained from a study of the methoxyl contents of the 60-80 and 
the 60 — samples. It is difficult to find any eiqilanation to account 
for the differences between these three ratios, and to decide whether 
any one ratio is more truly representative of the differences between 
SBjnaptesthan say other. The same type of variation between ratios 











ww obaervad when the ratios of the furfural yield and the ap{>az«nt 
lignin uontent were compared for samples of different parti^ s^ 
from ja. regnam and E. marginata (1). At the present stage, there- 
fore, it is dl£9cult to see any simple method for converting results 
obtained on a 60-80 sample to a 60— basis, although it is evident 
that determinations done on the 60-80 sample are somewhat higher 
than they would be for a truly representative sample. 

There is one further important point that arises from the present 
investigation. It has been assumed that the 60 — sample was the 
most suitable for the chemical analysis of wood, with the exception 
of the Cross and Bevan cellulose and the holoceUulose determinations, 
because, as it represented the total sample, there was no danger of 
any portion of the wood sample being rejected. It has been demon- 
strated, however, that the particle size has a marked influence on 
the hot water solubility, and it is highly probable that the alkali 
solubility will also be influenced by this tactor. As the lignin is 
usually determined on wood whldi has previously been extracted with 
alkali the value obtained will also be influenced by the particle size. 

Tliis factor does not appear to be particularly serious if a Wiley 
mill is used for the preparation of the wood samples. The following 
table shows the various fractions obtained on milling two matdied 
samples of E. regnana. 

Table 4. — Showing Influence of the Condition of the Wiley Mill 
ON THE Particle Size. 


Percentage of Vartons Fraotioiui Obtained on Milling 


of Blades. 

-f0O. 

•"•.er 

60-80. 

80-100 j 

10O-. j 

Loss. 

Sharp 

2-8 

52-9 

22-8 

20*2 

1*3 

Blunt 

1 

6-1* 

61 0 

1 

18-2 

22-7 

2.0 


*Thls amount of oversize material could not be reduced, even on 
repeated milling. 


The first sample was milled immediately ttfter the mill had been 
resharpened and set, while the second was prepared after the blades 
of the mill had lost their edge and become dulled. It is evident, even 
when the mill has been used for a considerable period, that the 
percentage of 100 — material in the whole sample is not greatly 
increased. It would appeau* therefore that if a Wiley mill is Used 
for the preparation of wood samples for analysis, the percentages of 
60-80, 80-100, and 100 — mesh samples are not likely to vary 
su£9ciently to influence the values obtained for hot 'water solubility 
or alkali solubility. • 

When these results are considered in conjunction with the Cross 
and Bevan cellulose results obtained by Cohen and Mackney (1) on 
60-80, 80-100, and 100 — sample of E, rename and E, marginata it 
WDuUl appear that, apart from some increase in total time required 
for the ^termination because of the slower flltering rate of the more 
Andy ground material, the 60 — sample prepared in the WUey mill is 



fcr «B 4etqn^^ SxpaieiKie la liite lalwaSdty ltA« 
(howa ttud tile detacnxfaiatloa of hxdoodluloaa Is aot oooQflloat^ to 
mgr p««t mtont if « 60-^ sanoitle Is tned for its determination instead 
aC a 60^ sainide. 

As the attenopts to find a conunon ratio betwem the 60^ and 
toe 60 — samples, ttolch would have permitted the 60-80 sample to 
be used for all determinations involving chlorination treatmmts, were 
ansuceessfnl, it woukt appear that it would be best to use the 60 — 
sample for all determinations. This procedure would cmly be satis- 
laettoy if the sample were milled under carefully standardised condi- 
tions, so as to obt^ a sample of uniform paitide size. If a screen- 
ing analysis were induded with the analytical data it would oisure 
that the samide being examined was not milled In such a Way as to 
five rise to erroneous results for those determinations sudi as Cross 
and Sevan cdlulose, holooellulose, hot watm sdubility and aUcali 
adubility, whidi are influenced by the pn^mice of very flnely ground 
matmiaL 
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Electrolytic Polishing of Copper in Orthophosphoric 

Acid 

By R. K. Honeycombct M^Sc.* and R R. Hughan t 
Summary. 

brightening of copper anodes in aqueous orthophosphoric acid 
eiecUolytes was investigated by measuring the anode potential with 
a calomel half cell. By plotting the current density for different anode 
poiantials, a characteristic type of ci^e was obtained, the horizontal 
portion of which defined the range or conditions over which polishing 
occurred. 

The variables investigated included temperatime, concentration of the 
electr<dyte, and the disposition of the electrodes. The theories of Jacquet 
a nd E lmore are discussed and are shown to be inadequate in explaining the 
egflfinmental results. 

An appendix discusses briefly the optimum conditions for the electrols^c 
polishing of copper specimens for metallographic examination. 

I. Introduction 

1110 phenomenon of electrolytic brightening or polishing was 
probably first observed on anodes in electroplating baths many years 
ago, but untfi recently no attempt was made to investigate or to 
utilize the effect. Jacquet (1) first made a serious study of the 
phenomenon, and in 1935 published a method by which copper could 
be given a mirror finii^ by making it the anode under certain condi* 
tions in an orthophosphoric acid electrolyte. Jacquet later extended 
the method to brasses, bronzes, and copper-base alloys generally. 
Furthermore, he developed a series of pochloiic add — acetic 
anhydride electrolytes in whibR he polished tin and lead (2). In 1939, 
Jacquet and Roequet (3) described a method of electrolytically 
polishing steels. 

Jacquet’s earlier woric was mainly directed towards obtaining good 
polished surfaces on small metal specimois for subsequent metallo- 
gnq)hlc examination. In parallel with sudt investigations there have 
be^ many atempts to apply this principle to industrial processes. 
These have been very successful in a number of cases, the outstanding 
applications in industry at the present time being the electrols^tlc 
polishing of stainless steels and aluminium. It is dear that these 
electrolytic methods of surface preparation will evoitually play an 
important role both in the industrial treatment of metals and in the 
metallui^cal laboratory (€). 

The surfaces produced by electrolytic polldiing are free from 
defoitnatlon and the Beilby layers which are normally produced 
during medianical polishing. There is no risk of obtaining false 
structures as a result oi deformation or recrystallization of surface 
layers, and the surface is entirely scratch free, hi this laboratory, 
electrolytic methods of polishing have been extensivdy used for 
metallographic work and it has been found that the results obtained 
are in many cases superior to those obtained by mechanical polishing. 
The metals ahiminiiun, cadmium, cc^per, lead, magnesium, tin, zinc, 

* An dBeSr of the Section of Titboiriiyslcs. 

^ t Fonnerly^of the Sectimi of Tribophydes, now an officer of the Division 
of Indtacrihl Chemistty. 




iMt atm (idat^ and du^exK td6ipid««Qv«r Mi 

liave been cattelaftJtorflsr prq^tmd. liie ttMtimbi oMl Jor #idw 
twtals have been pmdouily siinunaxlxed ( 4 , 6)1. « 

Itecoit work has diown that tfds method of surface pr^aratlcai 
may play an important pail in tiie measurement and invutigation ot 
Ai^cm and wear. In addition to deveh^dns routine m^ods of 
polishing various metals and alloys, it was tiiought desirable to study 
mate aystenatically the {dtenonmian of dectrd^lic poliddag in an 
attempt to tihrow some lij^t on the medumism by which it occurs. 
'Dlls paper describes an investigation into the dectropoUshing of 
copper in aqueous orthophosphoric add deetrolytes' with this lend 
ta view. 

2. Previous Work— Mechaaitai of Efectretirtk Pdishh^ 

In his work on copper, Jacquet ( 1 ) found diat if the cell voltit^e 
eras plotted against the current density (in a cell of ordioidiospKbric 
add with copper electrodes), a curve similar to that diown in Pig. 1 
was obtained. Polishing of the surface did not commence till point 
C was reached; in the range AC etdilng occurred. The range over 
addch good electrolytic polishing occurred was defined by the flat 
portion DE of the curve. Above E the current rose sharply as the 
vdtage was increased, and gas bubbles commenced to form at the 
anode. Polishing occurred in this range but the surface was pitted 
as a result of die adherance of small bubUes to the surface. Jacquet 
recommended a certain composition (SOOg./litre) of electrolyte, but 
no detailed investigation of ^e variables — composition of electr^jqe-, 
effect of temperature, Ac. — has yet come to our notice. 

To explain the polishing of copper in orthophosphoric add, Jacquet 
pwtulated the formation of a fllm on the anode surflice, consisting 
mainly of copper phosphate. He suggested that the thickness of this 
film would be smallest at the tops of the “ hills ” (m the metal surfaces 
and thus the resistance of the film at these points would be lower. 
This would cause preferential solution of the tops of hills as a result 
Of the higho* current density existing ffiere and would lead to a 




IfiltfMff iKaoifHkiQf of iOM idfiMW. More recently, E&aore <5)^ iiwi 
*<i > « Ort the rale of ditfuetob of iens tiirou^ the ffin is |MK 
moat fiflf^ertutt factor. TMs woukl of eourae be greater on tiie bit 
tope becatiee of the greater concentration gradient existhig^ there, aMd 
tihue again preferential solution can be explained. 

) TUe paper describes the effects of varying the concentration' and 
tmperature of the dtectrolyte (cnthoidiosiduHrfe acid), and a tedmii|iiif 
oCkfMMigatkMi in tvhidi the anode potential is measured, is described.. 

I 3. Experineabd Method 

The tsnpa of curve shown in 1 can only be satisfactcally' 
obtained if a potentiometric type of circuit is employed. The resist- 
ance of the circuit should be kept low and small changes of 
resistance in the c^ can then produce an ai^>reclable' change i» 
oUnent. 

Most previous workers measured the voltage drop across the Cdl, 
but as tlw polMiing process seons to be associated with a reaction at. 
the anode It was thought fltat meastnement of the anode potential 
might prove valuable, ht this way the andde potential could be 
isolated from the cathode potential and the potential drc^ through 
the eiiectrol 3 rte. 

In the experiments described below, the anode potimtial with 
req>ect to the solution was measured by means of a calomel half-cell, 
elactrical contact with the dectrolyte being made by means of a KCS- 
agar bridge. The anode potential was obtained by balancing the 
potential on a potentiometer. Fig. 2 shows a schematic arrangement 
of the polishing cell and circuit. 






i> ^ ttHfeCMSfi ItiMil iSlIltiNiOdo ttMUld A ijt JOQfliMMHEf yjhOiM* 'tibiB 

|>(|ieiK,uii4fc«M«& 4^ 11 iBchw from tiw «al|)0(M. Vm naott o| file 
ittpainaeBts ihe anode imui opated with ati^idag»off JjMfuer ewaPl 
jhtfi 1 agnnre indi an the mvface laoing the cathode. Itie aiea «(i f^ 
qitthode was 10 aqutore litdiea. 

'1!he effect of vartaUea nidi as ooniiositkm of deetrolyte) tm^ara- 
tw% distanee betvaeen deetrodM, and relative size of electrodes, was 
wveMdgated detennhdng an anode potential— corrent dendty 
curve. This was done by increasing the voltage in small steps >(0*1 
Vcdt) and allowing the cdl to attain equilibrium before eadi reading 
of the current was taken. 

4. Experimental Resulh 

(1) Tha Anode Petential^urrent Denettjf Curve. 

On plotting the anode potmitlal-current density curve for a crid 
containing orthophoqdioric acid of any concontration and with copper 
electrodes, the shape of curve obtained was similar to the voltage 
(aOroas cell) — current density curves obtained by previous workma. 
Polidiii^ occurred imder conditions represented by the flat portkm 
of the curve. 


A comparison of the anode potential and voltmeter curves Is 
diown in Fig. 3. As the size of the anode increases with respect to 
the cathode, the voltmeter curve deviates more and more from the 



Fig. 3. 


anode potential curve. Ihe voltmeter curve becomes less ideal in 
shape and Anally ceases to indicate a plateau. It should also be 
noted that the hun^ C (Fig. 1) in the anode potential and voltmeter 
curves is a c<mveni«at representation of the instability of current and 
voltafe over this range. In actual fact the current-voltage or current- 
potential vahiea are found to fluctuate between limits represented 'by 
a eonlhiuatlon of curves AB and EX>. ' 




Anode potentiAlKhlrrent density curves were determined for an 
deetrolsrte ccmteinlng 522 g./litre orthophosphoric add at tiie 
temperatures of 4-5’^, 22°, 31°, M°, and 70°C. Tliese curves are shown 
in Fig. 4. The curves were geometrically similar, the length of the 



“ plateau " being the same in' eadi case, but occurring at a different 
current density. Copper >specimens were podished for 10 minutes at 
different temperatures, and at a voltage represoiting the middle 
point of the plateau. The state of the surface was noted in eadi 
case (Table 1). 


Table 1. — Effect of Tempbratobe on Polishino of Coffee 

Specimens. 


IPempetsture 

! Anode Potentinl 

1 (Plateau) 

1 

Current Denstt} 

state of Surface 

‘>0. 

Volts, 

Amps./sq in 

€kx>d polish 

4*6 

0*5-1 *6 

0-12 

29 

0-6-1 *5 

0*26 

>> It 

81 

0*6-1 *5 

0*33 

tt t> 

50 

0-6-1 *6 

0*54 

1 

I 

1 

1 

70 

0-4-1 *4 

0*62 

UnoTsii 


(ill) OoneerttratUm of Eflectrolyte. 

’ A 41 WOU 8 solutions of orthophosphoric add containing 65-1,570 
g^tre were made up and anode potentlal-curroit density curves 
determined for eadi dectrolyte us^ standard conditions— oqjipaF 
anode 1 sQ, inch in area, coi^ier cathode 10 sq. indies in area, pla^ 
1| indies above the anode. In all eases the voltage range of the 




0-5 10 1-5 2 0 ^ii 

. POTENTIAL (volt) 


Fig. S. — ^Anode potential — current density curves for different 
concentrations of electrolyte. Temperature 20°C approx. 


8«ies of experiments, typical copper specimens were polished in each 
dectrolyte using the voltage representing the middle of the “ plateau.” 

ten minutes each specimen was removed and inspected. Table 2 
fltnunaiizes the results obtained. 


TASojt 2. — Effbct of Concbntbation of Elbctrolttb ox the 
P ousHiNO OF Copper. 








.* Btditag surface of the specimens occurred in the more 

d0ute sc^irt^ns, and satisfactory polishing was not obtained until the 
oonoentrathm was raised to 500 g./litre orthophosphoric add. The 
more concentrated solutions polished very well, but as a result of 
their lower coiiductanoe the process became much slower and a much 
longer time was required to remove the original scratches from the 
coigier. Hie optimum concentration seemed to be in the vicinity 
of 500 g./lltre. 

(iv) Distance Between ElSctrodes. 

Under the same conditions of temperature and concentration, the 
current density corresponding to the plateau did not vary as the 
distance between the electrodes was changed. 

(v) Disposition of the Eledtrodes. 

In the above experiments, the anode was placed horizontally 
beneath the cathode, because experience had shown that this gave 
the most satisfactory results. Polidiing still occurs if the electrodes 
are arranged vertically but the current density at whldi polMiing 
occurs is higher. Furthermore, streaks and furrows are often pro- 
duced (HI the surface as a result of the streaming of a viscous liquid 
film from the surface of the anode downwards. Electro-polishing 
was also found to occur when the anode was rotated rapidly, but in 
these experiments no improvement in the state of the surface over 
that produced by stationary methcxls was observed, and a higher 
current density had to be employed. 


5. Discussion 

Hie experimraital results show that the range of polishing of 
copper in orthophosphoric add electrolytes can be defined by an anode 
potoitial-current density curve. This implies that the polishing 
occurs as a result of anode reactions and that reactions in other parts 
of the cell are not relevant. The evidence supporting the film theory 
first postulated by Jacquet and later modified by Elmore is as 
follows: — 

1. The plateau in the anode potential curve indicates that tiiere 
are limiting current conditions. These limiting conditions could 
be explained by the presence of a concentration gradimt at the 
anode surface with a film saturated with copper ions or phosphate 
i(»s on the surface. 

2. An increase in the temperature of the electrolyte raises the 
current density at whkfii the plateau occurs. As the rate of 
diffusion of kms Increases with temperature, it wcnild be expected 
that a higho* current density would be required to form a stable 
film at elevated temperatures. 

3. Dilution of the electrolyte raises the current density of the 
plateau within certain limits. Again this can be eiqdained by 
the increased diffusion of the ions fnnn the film necessitating a 
higher current dentity to attain a stable condition. 
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4. A dunge In the distance betweoi the two deetvodes has no 
aiqpannit effect on the adtlcal current densi^. It thus aiqpears 
IhaKt the resistance of the solution is small con^Nued with the 
resistance in the vicinity of the anode surface, a state of affairs 
wfaldi is readily explained by the film theory. 

Hie work of Ebnore was based on two major assumptions. Firstly, 
that the metal ions leave the vicinity of the anode by diffusion and 
not by migration, since most of the current would be carried by the 
more mobile hydrogen ions. Secondly, he considered that the oondaft* 
tratimi layer at the anode surface is saturated and that the current 
is limited by diffusion of ions from this Jaym*. These assumptions are 
in ctunplete concordance with the formation of a plateau in the anode 
potential-current density curve. However, there are certain facts 
which are difficult to imderstand on this bads. 

Firstly, the voltage range of the plateau does not alter with 
dianging conditions of temperature and concentration (Figs. 4 and 5). 
It would be expected that a higher potential would te necessary to 
maintain an anode ffim as the conditions became less favourable for 
its retention at the anode surface. Furthermore, the presence of a 
plateau in the curve does not necessarily mean that polishing must 
occur. In very dilute solutions and in hot solutions the copper ceases 
to polish. Apparently in these cases, there is insufficient potential 
drop through the ffim to cause differential solution of the copper 
surface and thus produce polishing. However, Elmore’s theory pre- 
supposes that the formation of a plateau in the curve indicates that 
the anode ffim is saturated. The 'maximum occurring in the plateau 
current density — concentration curve is also difficult to explain. 

It thus appears that the function of a saturated ionic layer is not 
the only factor contributing to the attainment of a limiting current. 
As oxygen is liberated when the maximum plateau voltage is exceeded 
it seems likely that an oxide layer exists at the anode surface. This 
layer may play a significant role in the production of a limiting 
current at the anode surface. 
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AppemOx 

Optimum Conditions for Et4iBCTRa.YTic Poushing of Copper Specimens* 

In practice^ it is often not convenient to determine anode potential* 
current density curves prior to electrolytic polishing of a specimen. If a 
potentiometric circuit is employed, the current density-cell voltage curves 
should indicate approximately the range over which polishing occurs. The 
beginning of the plateau is marked by an unstable region, and the end of 
the plateau is marked by the evolution of fine bubbles of oxygen from the 
anode. Metallographic inspection of polished specimens will also determine 
approximately the conditicms under which they were prepared. Plate 2r 
Fig. 1, represents an area on a specimen prior to electrolytic polishing; the 
scratches are those produced by a 6Q0 carborundum paper. Specimens 
treated below the minimum plateau voltage present an etched appearance 
(Plate 2, Fig. 2), while specimens polishing in the plateau range have a 
mirror-like surface which can be lightly etched to show up the grains 
(Plate 2, ^g. 3) by lowering the voltage to below the plateau for a short 
time. Specimens treated above the maximum plateau voltage are polished 
but the surface is pitted as a result of the presence of the fine gas bubbles 
(Plate 2, Fig. 4). 

The optimum concentration of electrolyte for copper is about 500 g./litre 
orthophosphoric acid. For metallographic specimens not exceeding 3 squaure 
inches in area, a cell voltage of between one and two volts is necessary. 
Best results are obtained with the electrodes arranged horizontally and 
about 1—2 inches apart. 



A Pneuroaticdily Operated Giidkmg Gun 

By fl, Af. Hahm, Af«5c»* 


« Summary. 

Th» pressure- caulking equipment described in this report was con^ 
etrueted with the object of increasing the effldeney of caulking operations 
In the erection of precast concrete houses constructed by the Victorian 
flou^ng Commission. The equipment has been tested under working 
eonditions on houses of this t3T>e with satisfactory results and should 
^nd application wherever extensive use is made of caulking materials. 

1. Introduction 

The usual method of applying caulking compounds to buildings 
in this country is by means of a knife or small tool. However, on 
account of the intrinsic stickiness of these materials, caulking by 
this means is a tedious and frequently messy operation and in recent 
years overseas practice has tended towards the use of a simple hand- 
operated extrusion gun to facilitate caulking operations. Since the 
orifice through which the compound must be extruded is relatively 
small and the mechanical advantage of the mechanism is low, it is 
usually necessary to formulate a special gun ” grade mastic for 
application by this means, the consistency of this grade being some- 
what lower than that of ** knlfiug ” grades which are intended for 
trowel application. 

In this country such caulking guns have not been widely used and 
local proprietary caulking compounds are generally formulated in a 
knifing ** consistency. Several proprietary brands are in fact for- 
mulated in even heavier consistencies than ordinary loiifing grades, 
the reduction in stickiness thus obtained rendering hand caulking 
methods less arduous. 

To obtain the advantages of gun application it therefore appeared 
•desirable to develop a device capable of handling knifing grade 
materials, and the obvious solution was to employ air pressure to 
achieve the greater force required to extrude materials of this con- 
sistency. It should be stated that such a device is not novel and that 
pressure caulking has op occasions been utilized by Messrs. Nonporite 
Pty. Ltd., Victoria, and possibly also by other contractors. A new 
of filling device has been evolved, however, and in view of the 
simplicity and economy of caulking by this method, it has been 
thought worth while describing the equipment used in its entirety. 

i. Apparatus 

The caulking equipment comprises the following componentsf: — 
(i) Pressure Oun (Plate 3). 

The barrel of tke gun consists of a 15-in. length of 10-gauge 
seamless steel tube li in. inside diameter, threaded at either end 
and fitted with a nozzle; a piston, comprising two leather cup washers 

* Aft officer of the Building Materials Research Section. 

t working drawings of these components are available and will be 
supplied on application to the Offlcer-in-Charge, .Building Materials 
Reseftrcfi, CBJ.R., Graham Road, Highett, Victoria. 
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AiMflDted ba^ to bade at the end of a piatem rod, and a preasiire 
iMad. The ineaaure head mounts the hi^h-in^ssure inlet valve, a relief 
node, and is fitted also with a gland to take the piston rod. 

TTie nozzle of the present gun has a rectangular orifice and is 
ground off with a 30° angle to facilitate evoi paying out of the 
mastic. This orifice has been found satisfactory for caulking jdnts 
of rectangular cross-section. However, circular and triangular orifices 
may be used with advantage in ofiier situations; for example, in 
paying triangular fillets around window frames and the like. 

(il) Pressure Fitting Pot (Plate 4). 

The filler is a cylindrical vessel, 6i in. internal diameter, capadty 
1 gallon, capable of receiving air pressure. It is fitted with a tail 
piece (which may be attached by means of a union nut to the muzde 
end of the gun barrel), a detachable cover plate (mounting the air 
inlet and the relief cock), and a conical spreader. The latter slides 
freely within the body of the fiUer, being held in an axial position 
by a stem working in a guide screwed into the cover plate. In use, 
the spreader is pressed into position on top of the charge in the pot 
and serves to prevent the applied air pressure from blowing through 
the mastic charge. Although the pressure required to discharge 
mastic from the filler into the gun is cpilte low, yet it is desiraUe, in 
view of the method of connection of the filler to pressure source, 
that tile pot be tested to the maximum pressure to be used in operating 
the gun. In the present case the filler was tested at a pressure of 
150 p.si. 

The filling pot is essential to the economical operation of the 
pressure caulking gun. Hancihbperated caulking guns are commonly 
loaded in the manner of a syringe by dipping the aid of the barrel 
in the mastic and withdrawing the piston, but while this procedure 
is a feasible (though messy) operation with gun grade mastics, the 
greater stiffness of knife grade materials precludes satisfactory filling 
by this means. 

It would be possible to load the gun by packaging the mastics 
in cartridge form encasec]^ in cellophane or other ifiiable wrapping, 
and this method of packa^g has been adopted overseas to overcome 
gun loading difficulties. Howevo*, at present, Australian mastics are 
not available in this form and the filler here described offers a vary 
satisfactory alternative to the utilization of specially packaged 
charges. 

<lil) A Source of Compressed Air or 8u%table Inert Oas*. 

In laboratory and field trials a 100-ft. cylinder of compressed air 
was used. A portable air compressor could be substituted, although 
the low cost of compressed industrial gases competes favourably 
with otiier sources of suigily. (Compressed air 5s. per 100 cu. ft; 
hitrogoi Os. 9d. per 100 cu. ft Carbon dioxide at 4d. per lb. is 
(h|aper than these but is troublesoiae to use on account of the cooliiig 

* ComiHOised oxygen should not be used on account of the risk of 
exploiasR attendant on eantamlnathm of high pressure connections with 
hvdrooarbon materials. 




effect Mcnniiaiiyliig aqpmnfilpa to lower pressures*) The flow d gas 
was regulated through a standard "Comweld'’ 03Q>gai regulathig 
valve. Dunlq;> I'ln. diameter 4>ply compressor hose was used lor 
ddlvery ol the gas to gun and filler. 

<iv) Hand TrdBey. 

A small hand trolley was used to mount the several components 
listed above and to lac^tate transportation of the kit from point to 
point during caulking opmations (Plate 4, Fig. 1). 

3. Operatioa 

The flUer is loaded with caulking compound by hand (Plate 4, 
Fig. 2). 

The operation of loading the gun from the filler is performed in 
the following stages: — 

(i) Ihe nozzle of the gun is removed, the piston pressed full 

distance into the barrel, and the muzzle of gun coupled 
to the mil of the filler by means of the union nut. 

(ii) With the gun relief valve open >and the filler relief valve 

closed, compressed air is supplied to the filler by means 
of the cock in the filler supply line. Pressure is main- 
tained until the piston is driven back to the limit of 
travel. 

(iii) Air supply to fillm* is cut off and pressure released. Gun 

and filler are disconnected and mastic is struck off with 
a knife. 

(iv) The nozzle is fitted to the gun and relief valve closed ready 

for operation. 

As mentioned above, the pressure required in the filling pot for 
the purpose of loading the caulking gun is quite low, but it is con- 
venient to operate this component from the same source as is used 
to sui^ly the gun itself. Supply is drawn through a T-plece coupled 
to the reducing valve on the gas cylinder. , 

The operation of the'caulking gun is illustrated in Plate 3, Fig. 2. 


4. Performance 

The rate of delivery of mastic by the caulking gun is, of course, 
dependent on the operating pressure, the dimmisions of the orifice 
attached to the gun, and on the consistency of the caulking compound 
used. 


hi the fidd trials to whidh the gun has beoi subjected, it was 
found convenidit te use a nozzle with a rectangular orifice 1 in. by 
9/64 in. cross-section and 1 in. long (shorter dimension). It was 
found possible to extrude at satisfactory rates through this orifice 
an Australian proprietary catflklng compounds, with ffie exception 
of the several heavy-bodM materials referred to in Section 1, uainff 
air preslUres ranging from 90-190 p.sd. 
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The consistencies of materials satisfactorily handled ranged from 
t40 td 270 (in torms of penetration units*, determined with an 1.F.T, 
penetrometer operated with a 25-g, load for 5 seconds at 25^C.t). 
Fot purposes of comparison, the consistency of a sample of an English 
gun grade mastic tested was approximately 370, while the con- 
sistencies of the heavy-bodied Australian caulking compounds 
referred to above lay in the vicinity of 60 (figures expressed in 
pmetration units as above). 

Trials with the equipment described above have been made in 
the field on '' ty]^ prefabricated concrete units erected on the 

Hoorabbin and Adiburton Estates of the Victorian Housing Com- 
misitein. 


Some variation in the widths of wall joints was encountered when 
caulking these structures. Nominally these joints are i in. wide and, 
as already stated, the no 2 zle of the present gun was designed for 
insertion in joints of this dimension, but occasionally it was found 
that the joint width was less than i in. and insertion of the nozzle 
was not possible. Insertion of the nozzle to the full depth of the 
Joint is desirable as more effective packing of the material against 
the boundaries of the joint is thereby achieved. 

However, provided there was sufQcient width to receive the 
extruded ribbon of mastic (9/64 in.), a satisfactory seal could be made 
by following the gun with a small tool to press the compound firmly 
into the joint. Narrower nozzles than the one described could, of 
course, be used, but it is considered that such a provision would be 
of little practical value since^Jt has been found fiiat caulked joints 
much below i in. in width tend to give unsatisfactory service§. 

A comparative test was made to determine the economy in time 
obtainable by caulking joints of the VJi.C. house with the caulking 
gun. Identical houses were caulked, (a) with the gun, and (b) by 
the hand-caulking method previously adopted by the Victorian Housing 
Commission^. The houses selected were constructed with nine exterior 

* This method of determining the consistency of caulking compounds 
has not been found entirely satisfactory, considerable variation in the 
penetration index being noted over different points on the surface of a 
sample of material. Alternative methods of measuring the property have 
not as yet been explored and the figures quoted above are included merely 
to serve as a guide to the range of consistencies encountered. 

u t ''Standard Methods for Testing Petroleum and Its Products." 6th 
Ed,, pp. 255-7. Institute of Petroleum, Na I.P.-49/44. (London, X945.) 

S Tregoning, J. J., et oL — Plastic calking compounds. U.S. Dept 
Commerce, Building Materials and Structures Rep. B.M.S. 33, pp. 10, 14 
(1940). 

I In caulking these houses by hand one of the heavy bodied caulking 
compounds is used. This is rolled out by hand to a long "rope" whl^ 
u then held against the Joint and pressed home with a ^nted tool. Some 
•doubt is entertained regarding the efficiency of the bond obtained by this 
method: the fact that the material used may be worked by hand in this 
manner is indicative of the reduction that has been made in adhesiveness. 
However, this material was selected largely on account of its ease of 
mmfi|M^fion, and although its deficiency in this respect was realised, the 
difficulty in handling softer materials was a practical bar to tlmir use. 
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imS JeitttB, seven of wi^ ran the full heiight «r 0ie wsQ, 9 ft. 91 tuu, 
sthlle 'die renudninfir two were comer window joints, the eggieiiete 
Joint lengdt iqiproxlmatlng to tme full wall Joint of 9 feet. Caulidbtg 
hy each method was performed by one man unaided. Data retevant 
to this trial are presented In Table 1. 

Tablb 1. 


Item. 


1. Location of test 

% Time required (in- 
cluding loading 
and assembly of 
caulking equip- 
ment) 

3. Caulking compound 
used 


4. Number of joints 
caulked 


5. Nominal capacity of 

joints 

6. Quantity of material 

used 

% Effective volume of 
gun 

8. Effective volume of 

fiUer 

9. Number of gun loads 

required. 

10 . Operating pressure 
XI. Volume of gas ex- 
pended (free air 
basis) 

12. Cost of gas ex- 

pended. Cth Ind. 
Gases ruling price 
—air 5s. per 100 
eu. ft 

13. Coat of labour (say, 

48. per hour) 


! 

Gun Gaulkinir I 


VHC Ashburton Estate 
Site No. 175 
1 hour 10 minutes 


Proprietary knife grade. 
Code lAl-k. Pene- 
tration approx. 150 
(25 g. 5 sec. 25‘'C.) 

7 full length 9 ft. 51 in.; 
2 half length. Nomi- 
nally I in. by S in. 
cross-section 
Approx. 163 cu. inch 

Approx. 120 cu. inch 

30 cu. inch 

265 cu. inch 

4 

150 p.8.i. 

10 cu. ft. 


6d. 


48. 8d. 


Hand Oanlldns. 


VHC Ashburton Estate 
Site No. 119 .. 

2 hours 15 minutes 


Proprietary heavy- 
bodied grade. Code 
10C2-hk. Penetra- 

tion approx. 60 (25g. 
5 sec. 25*C.) 

7 full length 9 ft. 51 in.; 
2 half length. Nomi<^ 
ncdly I in. by 3 in. 
cross-section 
Approx. 163 cu. inch 


5. CMchttioa 

hi the trials reported in the preceding paragraph, use of the 
cauOdng gun enabled a saving to be made in labour to the extent of 
4s. 4d. per house; the net saving being 3s. lOd. per house. This 
margin would, td course, be greater in “ V.H.C’' type concrete house 
derigns caiteg 'Jpr a larger number of joints, or in the several other 
pieAklHrlQillil)^ vystems in extetedee where the outside waH if assemUad 
number of narrow wall pands. hi additi<»i, caulktng 
greatly simplUtes the abdication of more a<fiie«tve 
while frequently to be preferred on account of this 
have on occasions been rejected on the grounds of 
« diffleulties. ' 
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NOTES 


Meteorological Research 

Although for many years systematic meteorologists have studied 
the day to day changes in Australian weather, studies of the funda- 
mental physical phenomena underlying these changes have rarely 
been undertaken in Australia. The importance of the weather to Aus- 
tralia undoubtedly justifies a much more intensive study of the physics 
of the atmosphere; only a knowledge of the basic physical phenomena 
can ultimately lead to the possibilities of making successful long-range 
weather forecasts or of infiuencing such things as rain precipitation, 
and the Council has recently established a Section of Meteorological 
Physics Research to work in this field. 

Mr. C. H. B. Priestley has been appointed as Offlcer-in-Charge of 
this Section. Since his arrival in Australia he has been engaged in 
surveying the many problems involved and in selecting a main line 
of work. It is proposed that an examination of the micro-structure 
of the atmosphere shall form the basis of the main line of work of 
the Section since it offers both a field for fundamental work and, 
subsequently, a wide variety of applications covering the whole range 
of meteorological problems. 

It has been decided that the headquarters of the Meteorological 
Physics Section shall be in Melbourne, and initially approval has been 
^ven for the recruitment of a meteorologist (physicist or engineer 
by training) for the instrumSfital side of the main line of work, a 
meteorologik (analyst) with a good knowledge of charting methods 
and modem analytical techniques for the investigation of general 
and local circulations, and a theoretical meteorologist (mathematician) 
for work in dynamic meteorology and possibly also for the theory 
of turbulence. 


North Australtan Survey 

The Conunonwealth Government and the Governments of Queens- 
land and Western Australia have established a North Australian 
Development (Committee to examine and initiate proposals whidi wiB 
assist in the development of the northern areas of Australia. The 
CommittW has recommended that C.SJ.R. should undertake a recon- 
naissance survey of the vegetation and soils of certain selected areas, 
and that, initially, the Darwin-Katheiine region should be surveyed, 
followed by a survey of the Barkly Tablelands* 

The survey party, \mHer the leadership of Mr. C. S* Christian, 
Of the Division of Plant Industry, comprised eleven members and 
has completed its work on the Darwin-Katherine region. The party 
is now embarking on the survey of the Barkly Tablelands. This is 
planned to cover 1947-48 and 1948-49, the party remaining in the Add 
for some three months only in each year, returning to its headquarters 
for the remainder of the year for the purpose of recoxding data, 
identifying specimens, and compiling reports. 
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Future devetopments in the north must depend primexfly m tbe 
extent to which pastures can be improved by flie introductldii and 
exploitation of pasture legumes and improved grasses, and experl' 
mental farms are being devdk)ped ht Katherine, Northern Territory, 
and hi the Ord River region In Western Australia to carry out 
faivestigations on soil, crop, and pasture problems. 


Review 

Thb Foraob Rbsoukcbb or Latin America: Pbrc,” 
by Hugo W. Alberta 

(Bulletin 37 of the Imperial Bureau of Pastures and Forage (hropa 1947, 
Ml- 24. Price 2s. 6d. Obtainable from the Central Sales Branch, finperial 
Agricultural Bureaux, Penglaia Aberystwyth, Great Britain.) 

A great deal of information on the plants and plant life of Peru 
has recoitly become available in the English language. The scholarly 
Flora of Peru” by Macbride (Field Museum of Natural History, 
Botanical Series, Volume 13, 1936 — ), which is still in course of 
publicatkm, gives a detailed account of the plants of the region, while 
the vegetation is admirably described in the introductory chapters by 
Dr. A. Weberbauer. Shorter accounts of the vegetation and plant 
resources are given by Williams and Hodge, respectively, in the 
volume on “Plants and Plant Science in Latin America,” published 
by the Chronica Botanlca Company. 

Ih the Bulletin under review, the author follows the generally 
a(x»pted division of the country into three main physiographic zones 
— Coast, Sierra, and Oriente — and for each of these zones describes 
the gra^g animals, pastures, forage supplements, poisonous plants, 
and pasture management. Lucerne is the predominant pasture plant 
on the irrigated areas of the coastal region and in some of the valleys 
of the Sierra, and it is noteworthy that some of the Peruvian varieties 
are outstandingly productive, though usually short-lived in southern 
Australia. Native grasses, mostly of rather low value, form the bulk 
of the mountain pastures, and are grazed principally by sheep, alpacas, 
and llamas. Native legpnes are apparently of little importance eithor 
in the Sierra or Oriente, but It would be of interest to know more about 
the grazing value of the 84 species of iMpinua, 26 of Deamodium, and 
5 of StyUmnthes described by Macbride. One of the latter has shown 
outstanding promise as a pasture plant in northern Australia. 

The Bulletin includes a map showing the physiographic zones, 
summaries in English, Spanish, and Portuguese, and a full index of 
genera and species. It is the second of a series dealing with ttie 
fprage resources of Latin America, and both in form and content is 
tvdQi up to the high standard established by previous publications of 
^ iUxTystwyth Bureau. 


W. Haxtlbt. 
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Abstracts tff Porthcoming Publications 

“Thb Frictional Propbrtibs of Wool and Other Textd:.b Fibres,” 
by E. H. Mercer, B.Sc., an^K. Rachel Makinson, B.A. To be 
published in J, Text, Inst, 

A stick- slip apparatus suitable for the study of the frictional 
properties of textile fibres is described in detail, and a survey is made 
of tihie results obtained with it. 

A table is given of typical values of the coefficients of static friction 
of various air-dry fibres and filaments. This coefficient increases as 
the load decreases, the variation becoming rapid at loads less than 
0*10 g. wt. Possible causes of the effect are discussed. 

For wool fibres rubbed on horn, two coefficients of static friction, 
wlth-scale ifi^) and against-scale (/aj)* are studied as functions of 
pH and temperature. The nature and degree of contamination of the 
fibre surfaces has a greater effect on the frictional properties than has 
previously been realized. Variations in the degree of contamination 
cause irreproducibility in the values of the coeflScients of static friction. 
A method of cleaning the fibres and maintaining them in a constant 
condition, so as to obtain reproducible results, is described, and 
the frictional behaviour of these fibres in the presence of 
buffer solutions is compared with that of greasy fibres. The 
frictional difference, /Ag-fti* Is greater for greasy than for clean fibres. 
For clean fibres the frictional difference is a maximum in the neigh- 
bourhood of pH 7; this is in marked contrast with other published 
results, which show that under less stringent conditions of cleanliness 
the frictional difference is a minimum near pH 7. 

The relation between the frictional properties and the handle of 
wool is illustrated by measurements of the mean coefficient, 
(/Ai /xg)/2, for dry wool on horn. This coefficient is increased by 
reagents which produce a harsher handle of the wool, and is decreased 
by softeners. 

The cause of the frictional difference of the wool fibre is discussed. 
The increased frictional difference exhibited by greasy fibres can be 
explained in terms of a ratchet effect of the cuticular scales, when the 
full implications of such a mechanism are analysed. The observations 
considered by other workers to be evidence against the ratchet theory 
are shown to be compatible with it; it is concluded that the frictional 
difference of wool is due to a ratchet effect. 

“ Contributions to the Study op the Cell Wall. 4. The Nature 
OF Intercellular Adhesion in De-uonified Tissues. 5. The 
Occurrence, Structure, and Properties of Certain Cell Wall 
Deformations,” by A. B. Wardrop, M.Sc., and H. E. Dadswell, 
D.Sc. Coun. Sci, Ind. Res. (Aust.), Bull. 221 (in press). 

This Bulletin contains two further papers of the series on the cell 
wall investigation which is being continued in the Section of Wood 
Structure in the Division of Forests Products. The earlier papers of 
the series were published in this Journal, Vol. 13, page 44 (Part 1), 
page 129 (Part 2), page 290 (Part 3). 

The results reported in Part 4 of the series provide some further 
information on interceUular adhesion and tend to contradict an 
earlier theory set out in Part 3 which postulated the existence of a 
0.1916/47—11 



dlhite-alkall-soluble, non-lignin, non-polAironide bonding material 
which contributed to the holding together pf the Individual cells. This 
theory was challenged by Harlow of the iNew York State College of 
Forestry (Paper Tr. J, 112: 31, 1941) apd additional investigations 
were therefore undertaken. It was necefsary to determine whether 
cell for cell maceration did actually occur when delignifled cross 
sections were treated with dilute alkali and the results observed 
microscopically. For this purpose such sections were, after treatment 
with the alkali, floated into water; this however did not cause cell for 
cell separation and it was found that the cells could be contracted into 
their original positions by means of alcohol. Similar resiUts were 
obtained when phosphoric acid was used instead of the alkali. As no 
maceration took place it was concluded that the separation of the cells 
was due to the swelling of the cell wall although the alkali does take 
into solution something, presumably part of the cambial wall. There- 
fore the suggestion of a dilute-alkali-soluble, non-lignin, non- 
polyuronide material must be rejected. It is possible that the inter- 
cellular adhesion observed in delignifled tissue is due to some 
mechanical adhesion between the cells. 

Considerable attention has been paid by many workers to the 
nature and occurrence of slip planes and minute compression failures 
in the cell walls of wood. Part 5 of the series on cell wall studies 
deals in detail with these deformations and discusses their structure, 
properties, and the possible mode of their formation. It was apparent 
from the examination of numerous sections of both hardwoods and 
softwoods that slip planes are of common occurrence in nearly all 
wood fibres and tracheids. They have definitely been observed in the 
cell walls of fibres newly differentiated from the cambium. On the 
other hand they were not observed in compression wood tracheids. 
The occurrence of minute compression failures in Australian woods 
has received considerable attention because it has been abimdantly 
demonstrated that they are characteristic of “ brittle heart.'* Using 
the ** broken fibre ” test (broken fibres are found to be extremely 
common in macerated material taken from areas containing minute 
compression failures) as the criterion for the presence of “ brittle 
heart ” it has been shown that this defect occurs towards the centre 
of many trees and may extend on all sides of the pith; in some cases 
the distribution is eccentric. It has also been shown that “brittle 
heart " tends to be more common in the lower portions of the stem 
although here again the distribution varies. One very important 
observation was the very close association between the occurrence of 
reaction wood in both hardwoods and softwoods and the occurrence of 
minute compression failures. In hardwoods the bands of tension wood 
were shown to contain very numerous minute compression failures; 
in the softwoods minute compression failures were observed in close 
proximity to the bands of compression wood and generally on the 
pith side. 

The influence of the cell wall defonnatknis, particularly minute 
compression failures, on the properties dt wobd and on the properties 
of isolated fibres «pkes it important to imVd some knowledge of their 
actual structure and behaviour under o^ftain conditions. This was 
obtained fronj^cjiservations on their properties, their staining 

reactions, anjf /jtneir susceptibility to ^ptnical attack. It was foimd 
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that the optical bdiavioiif of slip planes and minute compression 
failures is fundamentally the same as that of dislocation marks in 
textile fibres. These optical properties are governed by the micellar 
arrangement existing within the cell wall, and therefore it is reason- 
able to assume the possibility of difference in micellar orientation in 
the regions of the deformations. This has been recognized by earlier 
workers, and using their method of microscopic examination, namely, 
between crossed nicols, it was shown that the deformations in cell 
walls of wood represent regions of distortion in the general micellar 
arrangement. It was possible to measure the actual angle of micellar 
displacement in the region of the failures in relation to the longitudinal 
fibre axis. The staining reactions of the deformations suggested that 
their formation was accompanied by the rupture of the lignin-cellulose 
interface and that the micellar distortion produced results in an 
increased micellar surface which itself determines the preferential 
staining reaction. Several experiments were carried out to determine 
the reason for the susceptibility of these formations to chemical attack. 
It will be recalled that acid maceration of wood with minute compres- 
sion failures present gives numerous broken fibres, while the same 
treatment on normal wood results only in whole fibres. It was 
considered that the susceptibility of the failures to chemical attack 
could be followed readily by employing acetylation and subsequently 
using a solvent for cellulose acetate. By this means it was possible 
to obtain broken fibres where the break definitely occurred in the 
region of the cell wall deformation. It was concluded that cell wall 
composition was not the underlying reason for the susceptibility of 
the deformations to chemical attack. It has been suggested rather 
that the susceptibility to hydrolysis and to acetylation is governed 
(a) by the greater ease of ^penetration of the reactant molecules 
because of micellar arrangement and increased intermicellar spaces 
and (b) by an increased reaction rate because of the locally increased 
micellar surfaces. 

From a consideration of the distribution of these features in the 
growing tree it has been suggested that their formation is dependent 
mainly on the operation of growth stresses during the development of 
the tree. This suggestion is supported by the fact that minute 
compression failures can be artificially produced in the cell walls of 
timbers subjected to long-time loading tests. It has been concluded 
that while slip planes and minute compression failures are essentially 
similar in form they are not to be regarded as successive stages in 
failure under compression. 

“Mechanical Composition op Soil in Relation to Field Descrip- 
tions OP Texture,” by T. J. Marshall M.Agr.Sc., Ph.D. Coun. 
Sci. Ind. Res. (Aust.), Bull. 224 (in press). 

A triangular texture diagram has been drawn for the International 
fraction sizes (with limiting diameters of 2^, 20/x, and 2 mm. respec- 
tively for the clay, silt, and sand fractions). This is based on scatter 
diagrams showing the relation between mechanical composition and^ 
field descriptions of texture made by the Division of Soils between 
1939 and 1945. No serious departures have been made from standards 
already established in 1934 on the International basis. 
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It has been found from field descriptions that the relative amounts 
of sand and silt affect the apparent ** claylness of a sample. Evidence 
is presented to show that limiting lines for the clay content of the 
tcffture classes should slope upwards towards the zero sand line in a 
triangular diagram. A theoretical basis is discussed for this departure 
from the practice followed in existing diagrams. Rearrangement on 
the basis of sloping lines has brought out a more logical relationship 
between classes than was apparent in the 1934 diagram. The new 
triangular diagram is compared with texture standards of the United 
States Department of Agriculture based on limiting diameters of 
2 and 50^^ respectively for the clay and silt fractions. Serious 
differences in the limiting percentages of clay for sandy loams, sandy 
clay loams, and sandy clays are noted and are discussed in the light 
of the sloping lines. An approximate adaptation is made of the new 
diagram (International fractions) to the fraction sizes of the United 
ntates Department of Agriculture. 

A new type of texture diagram is presented in which the median 
s'ze of the non-clay fraction is plotted against the clay content The 
diagram is subdivided horizontally into categories of fineness ** of 
the non-clay fraction and vertically into categories of ** clayiness/' 
The diagram is unaffected by the size chosen for dividing the silt and 
sand fractions as is the case in the triangular representation of 
mechanical composition. Further, it allows differences due to the 
relative amounts of coarse and fine sand to be brought out. These two 
fractions have to be combined as total sand in the usual triangular 
diagram. Possible applications of this type of diagram are discussed. 
Sjnnbols combining the “ fineness ** and “ clayiness categories are 
used to name the classes. These symbols avoid the confusion between 
fraction and texture names and the prejudice involved in the use of 
such terms as “ loam.” Conventional texture names are also applied 
to the diagram. 

Descriptive standards have in general been maintained since the 
original examination was made in 1934. The chief departures in field 
practice are discussed. Methods are suggested for checking personal 
factors and for allowing for the effect of physical properties other 
than mechanical composition. The upper limiting size of the silt 
fraction has been reviewed and it was concluded that in Australian 
field practice, particles ^between 20 and 50^ in diameter are considered 
to be sand rather than silt. 


Recent Publications of the Council 

Since the last Issue of this Journal, the following publications of 
the Council have been issued: — 

Bulletin No, 200. — ” Preparation of Core Ingredients for Search- 
light Carbons,” by T. R. Scott, M.Sc. 

The ” high Intensity ” arc used in modern searchlights requires a 
spe4al type of positive carbon which has a central core consisting 
geussfiipy of a mixture of powdered carbon and fluorides of the cerium 
ipetals. When the arc is struck, with currents of 100-200 amps, 
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almost the whole of the flame is confined to the crater which forms at 
the end of the positive carbon, thereby producing a source of light 
much more intense than that obtained with the ordinary carbon arc. 

Materials for the production of cored carbons in Australia have 
hitherto been imported, but the beach sands of northern New South 
Wales and southern Queensland contain considerable quantities of the 
mineral monazite, from which cerium fluoride can be prepared. In 
the present Bulletin, therefore, methods for the preparation of cerium 
fluoride from Australian monazite are given in detail, little information 
on this subject being available from the technical literature. A 
description is also given of the characteristics of the high intensity arc 
and of methods for the preparation and testing of cored carbons. 

Samples of the Australian material were used to prepare cored 
carbons, which were tested in a searchlight arc lamp. They were 
found to be in no way inferior to imported cerium fluoride, even with 
considerable variation in the purity of the products when prepared by 
different methods. Some consideration was also given to the possi- 
bility of preparing core ingredients superior to cerium fluorides, but 
it was concluded that such an advance would probably not be made 
until more was known about the theory of the high intensity arc. 

Bulletin No, 201. — ** Grazing Management: Continuous and 
Rotational Grazing by Merino Sheep. 1. A Study of the Production 
of a Sown Pasture in the Australian Capital Territory under Three 
Systems of Grazing Management,” by R. M. Moore, B.Sc.Agr., Nancy 
Barrie, B.Sc. Agr., and E. H. Kipps, B.Sc. Appendix, ” The Measure- 
ment of Pasture Yield under Grazing,” by G. A. McIntyre, B.Sc. 
** 2. The Effect of Continuous and Rotational Grazing on the 
Infestation of Sheep with Internal Parasites,” by H. McL. Gordon, 
B.V.Sc., and Helen Newton Turner, B.Arch. 3. “Note on Pasture 
Management,” by J. Griffiths Davies, B.Sc., P>..D. 

In the trial described in this Bulletin, a pasture mixture of Phalaris 
tuherosa, subterranean clover, lucerne, and cocksfoot, established in 
1939 at Canberra, was grazed by Merino wethers from June, 1940, to 
October, 1944, according to three systems of grazing: continuous, 
4 -week rotation, and 8-week rotation. Comparisons were made of 
the yield and composition of the pasture, and the live weight, wool 
production, and health of the grazing sheep. 

The grazing method had no effect on the yield of Phalaris or 
subterranean clover, but lucerne had disappeared almost completely 
after four years under continuous grazing. The yield of lucerne was 
limited under the 4-week rotation, but a productive stand was 
maintained under the 8-week rotation. 

It was concluded that rotational grazing can only be expected to 
give increases in yield under certain severe conditions and that pasture 
management would be simplified if lucerne were grown as a separate 
crop — ^for hay or grazing. 

Bulletin No, 205. — “ Studies on the Breeding Performance of 
Ewes,” by R. B. Kelley, D.V.Sc. 

Since 1935 a series of studies has been made of relative fertility of 
ewes, particularly Merinos. In the trials described in the present 
Bulletin, Merinos were found to reach sexual maturity later than other 



breeds. They did not attain their highest level of fertility until they 
were at least two years, and sometimes three or four years of age. 
Reduction in fertility occurred after the ewes were about eight years 
old. The delayed maturity was found to be associated with increasing 
rates of infantile mortality and Incidence of death among ewes bearing 
first lambs. 

On the other hand, cross-bred (Merino X Border Leicester) ewes 
showed a relatively high level of fertility at 21 or 22 months and 
appeared to reach the threshold of sexual maturity at about seventeen 
months. No information has yet been obtained on the effect of age 
on fertility in these ewes, since they have only been under observation 
for about six years. 

Investigations are being continued on the problem of delayed 
maturity. So far, it is not known how widely spread in Merinos the 
condition may be. 

Bulletin No. 208. — ‘‘ Surface Fumigation of Insect Infestations in 
Bulk-Wheat Depots,” by Frank Wilson and A. T. Mills. 

This Bulletin discusses the fumigation of insects in the surface 
layers of wheat in Victorian bulk depots. The two principal insects 
concerned are the lesser grain borer (Rhizopertha dominica) and the 
long-headed flour beetle {Latheticus oryzae). The most satisfactory 
fumigant tested was carbon bisulphide, which gave an almost complete 
kill of Rhizopertha and satisfactory control of other insects when 
poured onto the surface of the wheat at a dosage of 16 fl. oz. per 
square yard. However, it must be used with great care to avoid 
explosions and health hazards. 

A mixture of ethylene dichloride and trichlorethylene (3:1), 
when used at 45 fl. oz. per square yard, gives almost as good control 
as carbon bisulphide, and, though it is more expensive, it is much 
safer to use. 

Fumigation of the insects in the top 2 feet of the wheat is 
sufficient, because in the deeper layers conditions are unsuitable for 
^eir development. The method was used in combination with mineral 
dusts to protect 3i million bushels of wheat in the No. 1 depot at 
Murtoa, Victoria, and enabled it to be sold without price dockages 
after three years* storage. 


Forthcoming Publications of the Council 

At the present time, the following future publications of the 
Council are in the press: — 

Bulletin No. 202.-—” The Strain Complex and Symptom Variability 
of Tomato Spotted Wilt Virus,** by D. O. Norris, M.Sc. (Agric.). 

Bulletin No. 203. — ” Agar in Australia,** by E. J. Ferguson Wood, 
B.A., M.Sc. 

Bulletin No. 204.—” A Soil Survey of Part of Waterhouse Estate, 
County of Dorset, North-East Coast, Tasmania,** by G. D. Hubble, 
B.Agr.Sc. 

Bulletin No. 206.— ” Pedogenesis Following the Dissection of 
Lateritic^Regions in Southern Australia,^* by C. G. Stephmis, M.Sc. 
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Bulletin No, 207. — “ The Fumigation of Wheat in Bag Stacks, 
by Frank Wilson and F. J. Gay, B.Sc., D.I.C. 

Bulletin No. 209. — “Interaction of Surface Infestation, Tempera- 
ture, and Moisture Content in Bulk-Depot Wheat,** by Frank Wilson. 

Bulletin No. 210. — “ Preliminary Survey of the Natural Pastures 
of the New England District of New South Wales, and a General 
Discussion of Their Problems,** by R. Roe, B.Sc. (Agric.). 

Bulletin No. 211.—“ The Water Retting of Flax,** by W. L. Green- 
hill, M.E., Dip.Sc., and Jean F. Couchman, B.Sc. 

Bulletin No. 212. — “The Frictional Properties of Lead-Base and 
Tin-Base Be£u*ing Alloys: *rhe Role of the Matrix and the Hard 
Particles,** by D. Tabor, Ph.D. 

Bulletin No. 213. — “Laboratory and Field Tests of Mosquito 
Repellents,** by R. N. McCulloch, B.Sc., B.Sc.Agr., and D. F, Water- 
house, M.&. 

Bulletin No. 214. — “ The Preparation and Properties of Sjmthetic 
Cryolite,** by P. Dixon, M.Sc., and T. R. Scott, M.Sc. 

Bulletin No. 215.—=“ Studies in the Biology of the Skin and Fleece 
of Sheep. 4. The Hair Follicle Group and its Topographical 
Variations in the Skin of the Merino Foetus,** by H. B. Carter, B.V.Sc., 
and Margaret H. Hardy, M.Sc. 

Bulletin No. 216. — “An Examination of the Peet-Grady Method 
for the Evaluation of Household Fly Sprays,** by D. F. Waterhouse, 
M.Sc. 


Bulletin No. 217. — “ The Relative Importance of Live Sheep and of 
Carrion as Breeding Grounds for the Australian Sheep Blowfly Lucilia 
cuprina/' by D. F. Waterhouse, M.Sc. 

Bulletin No. 218. — “ Studies of the Physiology and Toxicology of 
Blowflies. 12. The Toxicity of DDT as a Contact and Stomach Poison 
for Larvae of Lucilia cuprina. 13. Insectary Tests of Repellents for 
the Australian Sheep Blowfly,** by D. F. Waterhouse, M.Sc. 

Bulletin No. 219. — “ Spray Tests against Adult Mosquitoes. 1. 
Laboratory Spray Tests with Culicine {Culex fatigans) Adults,** by 
D. F. Waterhouse, M.Sc. “ 2. Spray Tests with Anopheline (Anopheles 
punctulatus farauti) Adults,** by D. F. Waterhouse, M.Sc., and D. O. 
Atherton, M.Sc.Agr. 

Bulletin No. 220. — “ The Preparation and Use of Harvey*s Reduced 
Strychnine Reagent in Oceanographical Chemistry,** by D. Rochford, 
B.Sc. 

Bulletin No. 221. — “ Contributions to the Study of the Cell Wall. 
4. The Nature of Inter-Cellular Adhesion in Delignifled Tissue. 5. The 
Occurrence, Structure, and Properties of Certain Cell Wall 
Deformations,** by A. B. Wardrop, M.Sc., and H, E. Dadswell, D.Sc. 

Bulletin No. 222. — “The Chaetognatha of South Eastern Aus- 
tralia,** by J. M. Thomson, M.Sc. 



No. 22!3. — “Report of Marine Borer Survey In New 
Guinea Waters,” by A. W. ShiUlnglaw, B.Sc., DipJ'or., and D. D. 
Moore, BBc., A.S.T.C. 

Bulletin No. 224. — “ Mechanical Composition of Soil in Relation to 
Field Descriptions of Texture,” by T. J. Marshall, M.Agr.Sc., Ph.D. 

BuUetUi No. 225. — ^“Studies on the Control of Wheat Insects by 
Dusts. 1. Field Tests of Various Mineral Dusts against Grain 
Weevils,” by F. J. Gay, B.Sc., D.I.C., F. N. Ratclifle, B.A., and R. N. 
McCulloch, B.Sc., B.Sc.Agr. “ 2. Further Tests of Various Mineral 
Dusts for the Control of Grain Pests,” by F. J. Gay, B.Sc., D.I.C. 
“ 3. The Use of Dust Barriers for the Control of Grain Insects,” by 
F. J. Gay, B.Sc., D.I.C. “ 4. The Use of DDT- and 666- impregnated 
Dusts for the Control of Grain Pests,” by F. J. Gay, B.Sc., D.I.C. 

BuUetin No. 226. — “ An Ecological Study of the Australian Plague 
Locust (Chortoketea terminifera Walk.) in the Bogan-Macquarie 
Outbreak Area, N.S.W.,” by L. R. Clark, M.Sc. 

BuUetin No. 227. — “Studies on Perennial Veldt Grass (Ehrharta 
calydna Sm.),” by R. C. Rossiter, B.Sc.(Agric.). 

“The Commercial Timbers of Australia — ^Their Properties and 
Uses,” by I. H. Boas, M.Sc. 

“ Handbook of Australian Pelagic Tunicates,” by Harold Thompson, 
M.A., D.Sc. 



PLATE 1 


Furfural- A Pilot Plant Investigation of Its Production from 
Australian Raw Materials (See page 225 ) 



Furfuial pilot plant digester and auxiliary equipment 
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PLATE 2 


Electrolytic Polishing of Copper in Orthophosphoric Acid. 
(See page 297.) 



Fig 1 Copper specimen prior 
to polishing prepared on 600 
carborundum paper X 200 



Fig 3 — Specimen polished on 
range DE The surface has been 
lightly * etched to show up the 
grains The black spherical par- 
ticles are copper oxide. X 200. 



Fig 2 — Specimen prepared in 
the range AC The surface is 
deeply etched X 200. 



Fig 4 Specimen polished in 
range above E The presence of 
fine gas bubbles causes pits on 
the surface. X 200. 



Fig 2 — Operation of caulking gun The gun is being used to caulk 
a wall joint in a V H C precast concrete house 


PLATE 4 



Fig. 1. — Pressure caulking equipment 
mounted on hand trolley. 



Fig. 2. — Loading filler with caulking 
compound. 
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The Extension of the Card-Sorting Method to War-time 
Problems in Timber Identification 

By H, E. Dadswdi D,Sc,J^ Audrey M. Eckerdey, MSc,* Florence V» Griffin* 
and H, D. Ingle, B, For, Sc* i 

Summary, 

The war-time activities of the Division of Forest Products with respect 
to the development of simple means for the identification of the timbers 
in the various Pacific operational areas have been described. 

For the benefit of other workers in this field a detailed description has 
been given of (a) the first sample card-sorting key developed for the 
identification of timbers of the South-West Pacific area, and (5) the 
modified and finally adopted card-sorting key for New Guinea timbers. 

Reference has also been made to the development of similar keys for 
(o) the timbers of the Philippines, and (b) the timbers of Malaya and 
the East Indies. 

Various factors in this type of identification key have been discussed 
and reference made to its value for field identification. 


I. Introduction 

For some time after the outbreak of hostilities in the Pacific little 
or no attention was given to timber identification problems. Thfen, ^ 
suddenly it was realized by everyone that timber, because of its 
universal usefulness, was still a most valuable munition of war. This 
being so, it was often essential to know the identity of the vaMous 
timbers being used, so that their use could be to the best advan^ge. 
While the problem was not particularly serious when bases were teing 
built in Australia, mainly because the properties and identity or the 
more ciommon Australian timbers were fairly well known, it did 
become serious when large bases were built in the islands to the nbrth^ 
of Australia where local timbers had to be used because of the lack; 
of sufldcient shipping to bring timber from Australia or from North 
America. It was at this stage that the Division of Forest Products 
was asked to assist in (a) providing information regarding the pro- 
perties and uses of all islknd timbers and (b) suggesting methods by 
means of which such timbers could be identified as accurately as 
possible by the personnel of appropriate units in the various Services, 
It was immediately obvious that these demands could probably be 
met satisfactorily by the development of some simple type of 


* An officer of the Division of Forest Products. 
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one region, and consideration was therefore given to the possibilities 
of a key of the card-sorting type which would have the added advan- 
tage that information regarding any particular timber could be 
included on the card for that timber. 

The application of the card-sorting principle to timber identifica- 
tion problems had been well established as early as 1936, and has 
been used in various laboratories where timber identification is carried 
out. Clarke (1938) published details of a perforated card key for 
identification key covering the more important timber species of any 
hardwood timbers, and Phillips (1941) described a similar type of 
key for the identification of coniferous timbers. The principle was 
further extended by Dadswell and Eckersley (1941) to a rather more 
specialized problem, namely the identification of the various timber 
species of the genus Eucalyptus, In all these keys, however, the 
emphasis has been on identification in the laboratory, where examina- 
tion of details of wood anatomy can be completed at leisure, using 
thin sections and the microscope. The Forest Products Laboratory, 
Princes Risborough, England, had, however, proposed a card-sorting 
key based on the use of the hand lens only and details were set out 
in a Progress Report which the authors have had the privilege of 
consulting. 

The Section of Wood Structure of the Division of Forest Products 
has since 1936 employed the card-sorting method for identification 
purposes ; two systems, one for hardwoods and the other for coniferous 
woods, were developed, in addition to the specialized key for the 
eucalypt timbers previously referred to. These have proved their 
value many times over and duplicate sets have been forwarded to 
the Australian Forestry School, Canberra, and the various State 
Forest Services. Again, however, these keys were designed for 
laboratory use by wood anatomists, and, invaluable as they are, they 
are not the type for field use by operators with little or no knowledge 
of wood anatomy. The problem therefore was the development of 
a simple card-sorting key using macroscopic features only, so that 
any one without specialized training in wood technology could operate 
it. The latter point was essential because it was visualized that such 
a key would be used by engineer and forestry units in both the Aus- 
tralian and American Armies. 

In as much as New Guinea was for some time the centre of action 
for the Pacific war, the first attempt at the development of a simple 
card-sorting key was made using a number of the more important 
New Guinea timbers. Information on these timbers was obtained 
from examination of available material of the species selected (50 in 
all), many of which occur in other areas of the South-West Pacific 
as well as New Guinea. Thus it was fortunate that the Division had 
in its possession collections of various timbers from New Guinea, the 
Dutch East Indies, Malaya, and the Philippines. In addition some 
authentic material was available from New Guinea, and Mr. C. E. 
Lane-Poole, then Inspector-General of Forests, made available pieces 
of timber collected by him during his survey of New Guinea (Lane- 
Poole, 1925). This first key, described in some detail below, was 
perhaps over-simplified in that it was bape^ on macroscopic features 
visible to the naked eye only (i.e. a hand lens was neither an essential 
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nor a desirable aid). The cards for the 50 selected New Guinea 
timbers, each suitably notched at the perforations corresponding to 
the features observed for each species, together with various sup- 
plementary sheets of instructions, definitions, &c., were issued in a 
suitably prepared cardboard container. A number of such sets were 
despatched to Australian and American Army Units — mainly 
Engineers. The key proved very successful even when used by un- 
trained personnel. However, with the transfer to New Guinea of 
various Australian Forestry Units and as a result of further work, 
it was felt that a larger, more detailed key should be developed. In 
this second key more timbers were included and a wider range of 
features employed, including those visible with a hand lens, for it was 
considered that the personnel of forestry units would have sufficient 
training to use a hand lens key of this type (described in detail 
below). In addition, arrangements were made by the Australian 
Army through the Engineer-in-CIhief for one of us (H.E.D.) to visit 
forward areas to give instructions on the correct methods of using 
the key. It was indeed surprising how rapidly persons unacquainted 
with wood technology mastered the procedure of identification by 
this means and how effectively they could use the key. While in New 
Guinea with the Australian Army Unit, New Guinea Forests, addi- 
tional material of the various more or less known commercial timbers 
and of other species with potential commercial value was collected. 
Examination of this material indicated the need for modifications 
and additions, and eventually the key for the timbers of New Guinea 
and neighbouring islands covered some 140 different species. As a 
result of the demand for information on uses and properties of each 
of these, provision was made on the cards for strength grouping, 
durability classes, and possible uses. 

Concurrently with the extension of the key for timbers of the 
South-West Pacific area, the Division was busilj engaged in the pre- 
paration of a similar type of key for the commercial timbers of the 
Philippines. The request for 300 sets of such a key was received 
through the Allied Geographical Section of the South-West Pacific 
Command, who demanded 150 of these keys before the invasion of the 
Philippines. This demand was met, even though it was requested 
that the card for each species include botanical information and where 
possible illustrations of botanical features. Again the cards were 
adapted so that sortings could be made on properties and uses as well 
as on anatomical features. Most of the information on the timbers 
was gathered from the publication on “ Philippine Woods by Luis 
Reyes (1938); other information was gained from the examination 
of available timber specimens. 

The next request came from the Australian Army, and card-sorting 
keys covering timbers of Borneo were urgently required. Because 
many of the important timbers of this region were also common in 
the other islands of the East Indies and in the Malay Peninsula, a 
comprehensive key covering timbers (117 in all) of Borneo, Java, 
Sumatra, Malaya, and Burma was developed following the lines 
adopted in the case of the Philippine timbers. Before the invasion 
of Borneo 100 sets were prepared and 25 forwarded to the Australian 
Army through the Engineer-in-Chief s Branch. Sixty sets were sent 
to the South-East Asia Command through the Allied Geographical 



Section, South-West Pacific Command. Once again botanical informa- 
tion on the various species was included, together with information 
on the properties and uses of the timbers. 

Special card-sorting identification keys covering (a) timbers of 
Northern Territory and (b) Australian and Island timbers used for 
marine piling, were also developed for use by Australian Army per- 
sonnel. In all, in less than twelve months, over 60,000 individual 
cards were prepared and, as most of the work on notching, affixing 
photographs, &c., was done by hand, it will be appreciated that a 
considerable effort was involved. 


2. Description of the First Identification Key for Timbers of the 
South-West Pacific 

The cards adopted for this first key were 5 in. by 4 in. in size 
with perforations along both 5 in. sides. Forty of these perforations 
were available and of these, 39 were allotted to the possible variations 
in macroscopic features as shown in Fig. 1 and as listed below. The 
features were selected so as to give a fairly wide range of variation 
in weight, colour, pore size, and arrangement, vessel contents, rays, 
and soft tissue, in addition perforations were allotted to locality and 
topography. For every timber included the descriptions and notchings 
for positive features were based on the macroscopic examination of 
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^ Pits. 1. — ^Face view of card used in the first card sorting key for timbers 
of tjie South-West Pacific Area — ^macroscopic features used only. 
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numerous specimens of the wood (without use of hand lens). Thus 
the pore, size and arrangement recorded were based on the examina- 
tion of a cleanly cut cross section, as was the description of soft 
tissue and rays. On the front of the card the botanical name of the 
timber was typed together with known native names and/or the name 
by which the timber is commonly known. On the back of the card 
for each species was pasted a photograph of the cleanly cut end section 
of the wood taken at approximately three magnifications; this gave 
a very good picture of ^e arrangement and size of pores, soft tissue 
and rays. Also on the back of the card, details of the timber, its; 
colour, density, durability, uses, and special properties were given 
(see Fig. 2). For the benefit of those untrained in wood technology 
and lacking knowledge of the various terms used, a number of 
definitions were included with the prepared cards together with 
detailed notes on how to use the key and explanations of the reasons 
for using various features. Further, a photographic print of a series 
of diagrams illustrating various structural features was prepared and 
issued with each batch of cards. 
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RemarkB: Wood pale yellowish brown. _Yertical 

canals“ihew white deposits & may be 
ric bands or scattered among pores. Timber 
useful for building construction( scantling). 

A..D.den8ity approx. kO Ib./cu.ft 



Fig. 2.- -Back of card shown in Fig. 1.-^ 


It has been considered desirable in this brief review of the work 
to include some reference to the various features used, and to ^e 
underlying reasons for the choice of these features. This information 
may prove of value to other workers desirous of developing indentifi- 
cation keys of this type. The details are set out below: 
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Oeneml Heading, 

Feature 

Number. 

Feature Deecrlptico. 

Bemarks. 

Location . . 

1 

2 

3 

4 

New Guinea . . 

New Britain and neigh- 
bounng islands 

Dutch East Indies 
Philippines 

Some indication of the 
» known distribution of 
each species is 

J valuable 

Topography 

1 

6 

Highlands 

Areas over 4,000 feet 
above sea level 

6 

Foothills 

Areas from 1,000 to 
4,000 feet above sea 
level 

7 

Coastal 

Areas up to 1,000 feet 
above sea level 

Weight 

8 

9 

10 

Floats easily . 

Barely floats 

Sinks 

"There are difficulties in 
assessing the density 
of any timber espeo- 
< lally in the green 
state, hence the three 
suggested weight van- 
ations 

CSolour 

1 

11 

12 

13 

White, pale brown, 
pale yellow 

Pink, r^ 

Other colours 

t 

"Classification on a colour 
basis IS not easy , 
therefore two main 
groupings were used 
to cover the pale 
< timbers and the red 
timbers Under other 

colours It was intended 
to include bright 

yellow, dark brown, 
chocolate, and any 
variegated colours 

Others features 

1 

14 

Odour 

Many timbers have a 
characteristic odour 

16 

Frothing test positive 

This refers to the fact 
that shavings from 

some timlx rs froth 

when shaken with water 

16 

Vertical canals 

Designed to cover the 
canals of the Dipter- 
ocarpaceae as well as 
the anomalous type 
observed in some other 
species 

17 

Ray figure conspicuous 

Many timbers have a 
conspic uous ray figure 
or ray fleck on split or 
sawn radial surfaces 

18 

Ripple marks 

Storied structure as seen 
on a freshly cut 
tangential surface 
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General Heading. 

Feature 

Number 

Feature Description 

Remarks. 

Others features — con- 
tinued. 

19 

20 

Hard to cut across 
gram 

Very soft to cut across 
gram 


'Test earned out with 
pocket kmfe ; de- 

signed to pick out 
the very hard and the 
very soft timbers 

Pore size (appear- 
ance in cross- 
section) 

21 

Large 

Readily seen with naked 
eye 

22 

Very small 

Indistinct or invisible to 
naked eye 

2.3 

Intermediate in size 

Just \imble to naked eye 

24 

Absent 

To cover all comferous 
timbers 

Pore arrangement 

and contenth 

(appeal ancfi in 

cross section) 

25 

1 

Solitary 

More than 76 per cent, 
solitary as m various 
eucalypts 

26 

Oblique chains 


27 

Tangential arrangement 

As m members of the 
Proteacoae 

28 

Radia arrangement 

i 

The typical radial mul- 
tiples 

29 

Clusters 


30 

Rmg-porous 


31 

Contents conspicuous 

To cover the white or 

1 coloured contents of 
vessels and tyloses 

»Soft tissue (appear- 
ance m cross- 
section) 

32 

Not visible to naked 
eye 

This also covered “ ab- 
sent ” 

33 

34 

In regulai* bands wider 
than pores 

In n*gular* bands 

narroA^er than pores 


The width of the bauds 
m comparison with 
the radial diameter 
of pores 

36 

In irregular* bands 

Eg, terminal 

36 

Wmg-like 


37 

Surrounding pores 


Rays (appearance in 
cross-section) 

38 

39 

Equal to or wider than 
pores 

Narrower than pores 

h 

j 

1 I.e., m comparison with 
> average tangential 

diameter of pores 


Regular ** and ** Irregular” designed to coVer the radial spacing of the soft tissue band 


A series of simple notes was prepared for the guidance of users 
of this key and certain of them are of general interest, namely: — 

(i) Where a red line was placed opposite the notch for any 
particular feature it meant that this feature was not readily dis- 
cernible to the naked eye, although visible with a hand lens. 
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{li) Where a black line was placed opposite the notch for any 
particular feature it meant that the feature was not common for the 
timber in question. 

(iii) Stress was laid on the desirability of sorting on the most 
obvious features first, with no reference to the order of appearance 
on the cards — doubtful features to be left or considered only at the 
end. 

(iv) Only a limited number of the most important timbers (50) 
were included in the key; in any area other timbers not included in 
the key might be encountered. 

(v) Details of structure are more clearly revealed if the cleanly- 
cut cross-sectional surface is moistened with water. 

(vi) In a macroscopic key of this nature it is rare for only one 
card to remain after a number of sortings. When several cards remain 
reference should be made to the photographs pasted on the backs of 
each card and to the details of colour and properties given thereon 
as a guide to final identification. 

With the above information it should be possible to use the key 
effectively for those timbers covered by it. This was proved in the 
laboratory where untrained juniors using the key made a high per- 
centage of correct identifications, and in the field where in many 
cases quite untrained operators effected satisfactory identifications. 
However, as intimated earlier, it was soon felt that the card-sorting 
type of key would be much more effective if more species were covered 
and if use was made of a hand lens in the examination of the wood. 

3. Description of the Enlarged and Modified Identification Key for Timbers 

of New Guinea and Neighbouring Islands 

In this key the size of the card was increased to 6| in. by 4 9/16 in. 
and it was perforated on all edges. On the face of the card there were 
60 perforations available for use, as shown in Fig. 3. In the later 
models twenty spare perforations on the narrow edges were utilized 
for strength groupings, durability classes and uses, as shown in Fig. 

4, by using the back of the card. Thus a total of 80 perforations 
was available for notching if and when required. It will be seen that 
from the identification angle 21 additional perforations were available 
for coding to possible variations in macroscopic features in com- 
parison with the first card sorting set described above. More attention 
was given to variations in colour, weight, hardness, and because of 
the greater detail visible with the hand lens, more variations in ray 
structure, soft tissue, and pore size and arrangement were utilized. 
The final form of the cards for this key was not completed until early 
1946, but by June, 1944, the first sets, with the 60 possible variations 
as shown in Fig. 1, were forwarded to operational areas. Subsequent 
modifications were mainly concerned with: — 

(a) The addition of information on the strength groupings, 

I durability classes, and uses as mentioned above. 

(c) The addition of new species which has increased the pre- 
sent size of the set to a total of 137 species. 
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> (b) Revision of the species investigated earlier as a result of 

additional material becoming available for examination. 

On the back of each card was pasted a low-power (3X) photo- 
graph of the cross-section of the timber described. The cards were 
issued in a suitable container (first sets cardboard, later wood) and 
were accompanied by a colour chart for assistance in matching 
colours, a booklet of explanatory notes, a photographic copy of illus- 
trations of various characteristic anatomical features, and a needle 
for sorting purposes. 
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Fig. S^Face view of card finally adopted for use in card sorting key 
for New Guinea timbers. Macroscopic features visible with hand lens used. 



330 


It was suggested that a piece of timber to be identified should be 
prepared and examined according to the following procedure: — 

(o) Make a clean cut on the cross-section using a very sharp 
knife or razor blade. 

(b) Examine the cleanly cut cross-section using a hand lens, 

noting direction and size of rays; number, size, arrange- 
ment, and contents of pores; arrangements of soft tissue. 

(c) Split along true radial and tangential surfaces and clean 

up the tangential surface with a knife or a razor blade. 

(d) Examine radial surface for marked difference in colour 

between rays and background. 

(e) Examine tangential surface for ripple marks and presence 

of gum canals. 

(/) Note colour, impression of hardness by cutting across grain, 
and approximate density, remembering that hardness 
and density are affected by moisture content. 

(g) Keep a look out for other features, such as definite odour, 
distinct oiliness, or greasiness; or stickiness, presence 
of concentric vertical canals, and ability of shavings to 
produce froth when shaken with water. 

The anatomical features and physical properties used were similar 
to, but did not exactly follow, those given above in the description 
of the first macroscopic key. They are listed below with explanatory 
remarks: — 

Colour. 

It was considered of advantage to widen the colour groupings and, 
as colour classification can be very difficult, a colour chart was pro- 
vided so that the operator might assess the colour of dry longitudinal 
surfaces of the specimens under examination. It was pointed out 
that colour will vary considerably depending on (a) moisture content, 
(b) sapwood or truewood, (c) age of tree from which specimen has 
been taken, (d) age of specimen, (e) the surface examined, {/) pre- 
sence of decay or sap stain, 

1. Whitish, pale-brown, pale- 

yellow, straw. 

2. Dark -brown (a definite brown). 

3. Pink or red tints, including red- 

brown. 

4. Other colours, e.g. black, 

purple, orange, bright- i.e. any colour not specified under 

yellow, &c. 1, 2, or 3. 

5. Mottled or streaky. 

Rays. 

In this key there were no codings for heterogeneity or homo- 
g^eity, although with the hand lens it is often easy to pick on the 
upright ray cells and to detect oil cells on a split radial face. Refer- 
ence *to these, however, was usually made on the back of the cards. 
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6. Broad and conspicuous on 

cross-section 

7. As wide or wider than pores* 

8. Narrower than pores 


9. Not clearly visible even with 
lens 


10. Conspicuous on radial surface 
owing to colour 


11. With gum canals 


Self explanatory, similar to oak 
or the silky oaks. 

Width of ray estimated by com- 
parison with tangential diameter 
of pores — a useful feature as 
proved from first set. 

In some cases rays are too narrow 
or not of sufficient contrast to be 
seen on cross-section even with 
a hand lens. 

This is irrespective of size and 
meant to refer only to colour 
prominence; experience showed 
that it was not a particularly 
useful feature. 

The canals appear under lens as 
dark cavities in rays and may be 
seen on freshly cut tangential 
surfaces or split radial surfaces. 
A good positive feature. 


Soft Tissue (Wood Parenchyma). 

The groupings in this section (soft tissue) were selected to give 
greatest possible assistance in sorting. In the preparation of the 
individual cards it was sometimes necessary to notch more than one 
perforation in this group to cover variation in the species or possible 
difficulties in interpretation. It was often particularly difficult to 
differentiate between “ diffuse ” and ‘‘ reticulate.” 


12. Absent 


13. In regular bands wider than* 

pores 

14. In regular bands narrower than 

pores 

15. In irregularly spaced bands . . ‘ 

16. Surounding pores 

17. Wing-like, confluent. 

18. Diffuse 

19. Reticulate 


Other Features. 

20. A definite odour . " 

21. Frothing test positive 

22. Ripple marks 

23. Vertical canals concentric 

24. Distinct oiliness or greasiness* 


25. 


To cover species on which soft 
tissue IS absent or difficult to see 
under lens. 

Regular bands are those which 
occur at regular intervals as 
seen on cross-section. Width as 
in earlier key. 

e.g term t^al. 

Difficult to detect even with lens. 

Cells scattered irregularly. 

In fine lines only visible with lens 
and forming a sort of network 
with the rays. 


Remarks as for first key. 

An additional feature, detected by 
feeling longitudinal surfaces: 
stickiness of the surface is also 
allowed for here. 


Topography. 

26. Highlands 

27. Foothills 

28. Coastal 

29. Swamps 



As in first key 

Additional; intended to cover man- 
grove swamps and other swampy 
areas. 



Locality, 

30. Australia. 

31. New Guinea and neighbouring] 

islands 

32. Celebes, Timor, Moluccas 

33. Borneo, Java, Sumatra 

34. Philippines 

35. Malaya 


Divisions made on somewhat differ- 
ent lines from those followed in 
first key. 


Pore Number, 

36. Few 4 or less per sq.mm. 

37. Moderately numerous 5-11 per sq.mm. 

38. Very numerous . . More than 11 per sq.mm. 

The counting of the actual number of pores was accomplished 
by using one of the holes in the printed card (see Figs.). These holes 
were found to be app’-oximately 7 sq.mm, in area and therefore the 
actual pore number per sq.mm, for any timber could be obtained 
simply by dividing by seven the number counted in the area outlined 
by one perforation when the card is pressed on to a cleanly cut end 
section of the wood. Counts should preferably be made over several 
different areas and the mean taken. 


Pore Size. 

39. Large 

40. Intermediate 

41. Small 

42. Very small 

Pore Arrangement {and Contents). 

43. Absent 

44. Ring -porous or semi ring-] 

porous 

45. Predominantly solitary 

46. Radial multiples up to and in- 

cluding 4 

47. Radial multiples over 4 

48. Oblique 

49. Tangential 

50. Clusters 

51. Tyloses common 


52. White or yellow deposits com- 
mon 


Weight, 

53. Very heavy 


54. Heavy to moderately heavy . . 

55. Light to moderately light or 

moderately heavy 

56. Very light 


Large and separately distinct to 
naked eye. 

Visible to naked eye without any 
strain. 

Indistinct to naked eye. 

Indistinct even with hand lens. 


Remarks as in first key. 

Considered of value to have 
separate perforations for long 
radial multiples. 

Remarks as in first key. 

A separate perforation was taken 
for tyloses but should be used 
only when they are common 
enough to be quite distinct. 

Again a separate perforation; the 
difference in appearance between 
white deposits and tyloses have 
been described. 


Above 62-5 Ib./cu.ft. air dry to 
approximately 17 per cent, mois- 
ture content. 

50-62-5 Ib./cu.ft. 

30-49 Ib./cu.ft. 

Less than 30 Ib./cu.ft. 


The whole weight range was Included but it was considered that 
perforations 53 and 56 would prove the most useful. 
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Hardness, 

This is correlated with weight, but in these keys refers mainly 
to the difficulty m cutting air-dry wood across grain with a pocket 
knife. It was thought that here again the extremes would be most 
useful. 

57 Very hard and horny to cut 

58 Hard to cut 

59 Intermediate to cut 

60 Very soft to cut 

strength Groups (see Langlands and Thomas, 1941) 

63 Group A 

64 Group B 

65 Group C 

66 Group D 

The timbers were classified into four groups as is done for Aus- 
tralian timbers using the following average properties selected by 
the Section of Timber Mechanics: — 


Group 

ModulUH of Rupture 
(lb /gq in ) 

Modulus of Elasticity 
(lb /gq in ) 

Crushing Strength 
Parallel to the 
Grain 

(lb /sq in ) 

Shear Strength 
(lb /sq in ) 


Orton 

12° me 

Green 

12% m 0 1 

Green i 

12% m ( 1 

Green 

12% m c 


15,000 

24 000 

2,400,000 

1,000,000 

1 

7,500 

12,000 

2,000 

2,500 

B 

1 

12,0( K ) 

20 000 

2,100,000 

2,500,000 

5,000 

10,000 

1,500 

1,900 

( 

10,000 

1(»,000 

1,700 t )00 

2,200,000 

5 000 

8,000 

1 200 

1,500 

I) 

7,000 

12 000 

1,500,000 

1,900,000 

3,350 

5,000 

800 

1,100 


^ote — The above figures apply to d< feet free timber only If a card Is not notched at one 
ot the above perforations either no information on strength properthb is a\ailabU or it laUs Into 
a class below Group D The latter alternative would certainly be the case with very low 
density timbers 


Durability Classes (Truewood only). 

68 Class 1 

69 Class 2 

70 Class 3 

71 Class 4 

Class 1 was meant to cover species which when used in exposed 
situations were highly durable, while class 4 covered those of low 
durability. This classification was designed to refer to attack by 
fungi and termites only, and not to resistance to mechanical wear, 
or to attack by marine organisms. The placing of the various species 
in these classes was somewhat uncertain because of the lack of 
detailed knowledge. However, it is a general indication. 

Uses, Features 74-85 inclusive See Fig 4 for details 

The inclusion of information on strength, durability and uses 
rendered the sets more generally useful, as the card for each species 
can be considered as giving the available information on properties, 
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uses, and structure for that species. The iatest model of this key 
has definite post-war application and a number of sets have already 
been distributed. 



Fig. 4. — Back view of card shown in Fig. 3. 


4. The Card-Sorting Key for Timbers of the Philippine Islands 
This key was in essence identical with that prepared for the New 
Guinea timbers and described in detail in section 3 above. However, 
there were certain modifications and additions. On the face of each 
card was printed the specific name and common name of the timber, 
while on the back of the card there was afldxed an annotated photo- 
graph of a cross-section of the timber magnified approximately three 
times together with a brief timber description, notes on the size and 
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type of tree, botanical characteristics in simplified terms (see Fig. 5), 
information on the occurrence of the species in the Philippines. In 
addition, where available, a line drawing of leaves, flowers, and fruit 
was included. Many of these diagrams were obtained through the 
courtesy of the National Herbarium. Melbourne. They were prepared 
from photographic copies of illustrations or from photographs of 
herbarium material. The details in such photographs were outlined 
with indian ink and the unwanted port'ons bleached out leaving 
suitable line drawings from which the blocks were made. 



Fig. 5.— Back view of card adopted for use in card-sorting key for 
Philippine timbers. 


Most of the information on the timbers was obtained from 
Philippine Woods” by Luis Reyes and this covered the strength 
groupings, durability classes, and uses. For the first of these, the 




336 


data given by Reyes were used to place the various timbers in the 
strength groups employed by this Division and set out in detail above. 
For the durability classes Reyes’s information was transposed 
directly and this meant using perforations 67-73 inclusive and sub- 
dividing as follows: — 

Termite Resistance Indoors. 

67. Reyes's class 1 

68. Reyes’s class 2 

69. Reyes’s class 3 


Very resistant. 

Resistant to moderately resistant. 
Susceptible. 


Durability Exposed Positions. 

70. Reyes’s class 1 

71. Reyes’s class 2 

72. Reyes's class 3 

73. Reyes’s class 4 and 5 . . 


Very durable — blasting over nine 
years. 

Durable — lasting 4i-9 years. 
Moderately durable — lasting 2i- 
4i years. 

Perishable — Isusting less than 2i 
years. 


It will be noted that these classifications are somewhat different from 
those employed for the New Guinea timbers but as it was intended 
that the cards be used in the Philippines it was considered desirable 
to retain the durability classes developed there. 

Again the cards were accompanied by colour chart, booklet of 
instructions and explanatory notes, illustrations of various anatomical 
features, and a needle for sorting. All were housed in a neat wooden 
box with sliding lid. 


S. The Card-Sorting Key for Timbers of Burma, Malaya, and the 

East Indies 

The cards in this key were similar to those used for the Philippine 
timbers. The botanical and common name of each timber was printed 
on the face of the card for that timber while on the reverse side the 
illustrations of botanical features, botanical notes, timber description, 
and photograph of the cross-section of the wood were again included. 
Perforations were allotted to strength groups, durability classes, and 
uses as in the card for New Guinea timbers illustrated in Fig. 4. The 
information on the botanical side was obtained through the kind 
co-operation of the Director of the National Herbarium, Melbourne, 
and the Government iSotanist, Brisbane, and his staff. 

The information on the timbers of the various localities covered 
was obtained both from examination of authentic material from these 
localities and from published information on the various species 
selected for inclusion. The actual number of timbers (117) naturally 
does not cover to any extent the species occurring in these regions. 
They were selected for inclusion on the basis of properties, occurrence, 
and likelihood of use by Army engineers. 


6. General 

In the two other special keys prepared (referred to in the Intro- 
duction) the same type of card was used as for the final modified 
New Guinea set. Six sets were prepared of the key for the Northern 
Territory timbers and a total of 40 species covered. These sets were 
used by the Australian Army Forestry and Engineer Units in that 
area. Only two sets of the special key covering Australian and New 
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Guinea timbers suitable for marine piling were prepared. Forty-two 
species were covered. This key was used by Major A. W. Shillinglaw 
of the Engineer-in-Chief*s Branch of the Australian Army in a special 
survey of piling carried out in the New Guinea operational zone 
(Shillinglaw and Moore, 1945). 

In war-time it is, of course, difficult to find out just how effective 
something of this nature has been. The cards definitely proved effec- 
tive in New Guinea but this may have been due to the fact that they 
were mainly used by forestry' units, to the personnel of which a 
certain degree of instruction had been given. No reports were 
received regarding the Philippine card sets, although from time to 
time the Division of Forest Products has received letters from indi- 
viduals in U.S.A., the Philippines, and the Hawaian Islands who have 
referred to the key and have mentioned its value. Regarding the 
key for Malayan and East Indies timbers, again no very definite 
information is available. It did prove useful in Borneo where it 
was handled by officers of the Australian Army who had previously 
been trained on New Guinea timbers, but the war ended before it 
could be proved in Malaya. 

However, the development of such card-sorting keys for field work 
under difficult conditions has been supported by Desch, who has 
recently (1946) referred to the war work of the Division of Forest 
Products in the field of timber identifications. Normand (1946) has 
similarly shown his interest and has made use of various features 
employed by us in order to develop a simple card-sorting key for 
French colonial timbers. 

The fact that virtually untrained operators could, after short 
courses of instruction, carry out identifications with this type of key 
led to the consideration of the development of such a key for Aus- 
tralian commercial timbers and this project is now in hand. Pre- 
liminary indications are that by means of such ^ key the identification 
of these timbers will be within the reach of all foresters, forestry 
students, and timber users. 
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The Variation of Tensile Strength and Modulus of 
Elasticity of Hoop Pine Veneer with the Direction 

of the Grain 

By R, S. T, Kingston, B,Sc„ B.E* 

Summary. 

Hoop pine veneer was tested in tension at various angles to the grain, 
the maximum tensile strength and the modulus of elasticity being 
determined. 

Curves are included showing the variation of each property with the 
direction of the grain. These have been compared with a theoretical curve 
based on the assumption that wood is an orthotropic material in the case 
of modulus of elasticity and with a curve computed from the Hankinson 
formula in the case of maximum tensile strength. 

For neither elastic modulus nor maximum tensile strength did the 
experimental points differ significantly from the computed curve. 

I. Introduction 

This investigation was designed to determine the effect of the 
angle between the direction of loading and the direction of the grain 
of veneer on its tensile strength and elastic modulus, and, using these 
data, to see how closely theoretical prediction of the tensile strength 
and elastic modulus in any given direction, based on measurements 
parallel and perpendicular to the grain, agreed with the experimental 
values. 

Hoop pine veneer was used for the experiment. Thomas (8) 
found that there was no significant difference between the values 
for single veneer and two and three plies bonded together. Thus 
two or three ply material with the grain of all veneers in the same 
direction could have been used. One, two, and three veneers were 
all used in trials but, as it was found that single veneer could, with 
the exercise of a certain amount of care, be handled without damage, 
this was adopted. 

2. Selection of Material, &c. 

Material was selected from ten trees of hoop pine {Araucaria 
cunninghamii Ait.), one sheet of veneer being taken from each tree 
at random distances from the pith, all being 0-08 in. thick. The 
nominal test angles adopted were 0°, 5i°, llj", 22i°, 45^, 67i°, and 
90°. The sheets were marked in such a way that four test specimens 
were available from each sheet for each direction less than 30° to 
the grain and ten specimens from each sheet at each angle greater 
than 30° to the grain. It was found later f'Tt the curve was insuffi- 
ciently determined around the 45° point, so further specimens were 
cut from the spare material at angles 35 and 55' to the grain, 
10 per sheet in each direction, and also 1C at 45° as controls in case 
there was any slight difference betwe n widely separated parts of 
a sheet. 

, These specimens were all cut by hand with a specially sharpened 
knife in such a way as to minimize splitting of the veneer. 

♦ Officer-in-Charge, Timber Physics Section, Division of Forest Products. 
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3. Method of Test 

Half of the specimens from each sheet for each angle were tested 
•with, and the remaining half without, an extensometer attached. A 
Gerrard extensometer was used, its weight being carefully balanced 
by means of a light spring so that the load on the specimen due to 
the extensometer was eliminated. 

Fig. 1 shows the three types of specimens used. The specimens 
of the first type were held in the wedge grips of the machine in the 
usual way and were used for specimens with angles of 0°, 5J°, and 
lli° to the grain. 

Those of the second type were held by pins and were used for the 
22 J°, 35°, 45°, and 55° specimens, the spring balance shown in 
Plate 1, Fig. 1, being used for the 35°, 45°, and 55° specimens, in 
which cases the testing machine was not sensitive enough to read 
the load with suflScient accuracy, and it was necessary to use a spring 
balance calibrated against dead weights. 

Specimens of the third type were not fitted with end pads, as 
these were unnecessary on account of the low load. This type was 
^lsed for the 67 J° and 90° tests. In this case a special hand-operated 
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Fig. 1. (a) Test specimen with length at angles less 
than 22 to the grain, (b) Test specimens with length 
from 22i®-55® to the grain, (c) Test specimens with 
length at GTi® and 90° to the grain. 
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machine was used, the load being determined by the deflection of a 
U-spring as measured by means of a dial gauge. 

The material was conditioned in a room adjusted to a relative 
humidity which would bring the veneer to an equilibrium moisture 
content of 15 per cent, and was tested at a temperature of 21°C. ±: 1®. 


4. Results of Tests 

The two groups of specimens tested at 45° to the grain showed no 
significant difference, so that all the results could be included with- 
out adjustment. 

In Figs. 2 and 3, the maximum tensile strength and modulus of 
elasticity respectively have been plotted against the angle between 
the direction of loading and that of the grain. In each case the 
points plotted represent the average of all tests at each particular 
angle. In the case of tensile strength, results from specimens tested 
with an extensometer attached have been excluded on account of the 
possibility of damage caused by the gripping screws. In determining 
the average properties at each angle to the grain, specimens were 
culled in cases in which slight checks were present in the veneer. 



Angle of Gram ho LenghH of Spec/nnen -Deg* 


Fig. 2. — Variation in the tensile strength of hoop 
pine veneer with the angle between the direction of 
loading and the grain of the veneer. 
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It was especially necessary to do this carefully for tests with loading 
at large angles to the grain. A few very low values which may be 
due to variation in the tightness of peeling could not be definitely 
accounted for and were included in the results. Plate 1, Fig. 2, 
shows typical failures when the tension is parallel to the grain, and 
Plate 1, Fig. 3, with the tension at to the grain. At greater 
angles the failures were all very similar and one of each is illus- 
trated in Plate 1, Fig. 4. 


5. Discussion of Results 

In addition to the experimental values, the maximum tensile 
strength and modulus of elasticity, as calculated from theoretical 
formulae, have been plotted in Figs. 2 and 3 against the angle between 
the direction of loading and that of the grain. 



Fig. 3.— Variation in the elastic modulus of hoop 
pine veneer with the angle between the direction 
of loading and the grain of the veneer. 
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In the case of maximum tensile strength, the Hankinson formula 
has been used. This is as follows: — 


N 


PQ 

‘ P sin2 B-\-Q cos^ 0 


where N is the strength at an angle B to the grain, P is the strength 
parallel to the grain, and Q is the strength perpendicular to the grain. 
This was put forward by Hankinson as an empirical formula and 
agrees very well with experimental results. This has been discussed 
by Langlands for wood in compression (2). He compared the 
Hankinson formula with others commonly used and showed that it 
gave, on the whole, better results than the others. He then compared 
it with his own experimental results and found a very close agree- 
ment. Since Langlands* paper was published, Norris (5) has shown 
that Hankinson*s formula can be derived from Hencky*s theory of 
failure (1, 4), by an approximate method. This places Hankinson*s 
formula on a much more secure foundation and in view of these facts 
it was decided to use it here, in order to see how closely it agreed 
with the experimental results. It will be seen from Fig. 2 that the 
experimental and theoretical results do agree closely. 

In the case of modulus of elasticity, assuming wood to be 
orthotropic, a value for the elastic modulus at any angle to the 
direction of the grain can be derived from the properties of the 
ellipsoids of stress and strain, and Hooke*s law (3, 6). It is sufficient 
to consider the plane case only when dealing with thin sheets of 
peeled veneer. Roberts (7) has derived an expression which, together 
with Maxwell’s theorem, gives the relationship used here. The result 
is, however, very simply derived from the basic equations for an 
orthotropic elastic body as given by Love (3). 


Let XOY and X'OY' be two sets of plane rectangular axes, the 
latter making an angle B with the former. Let Cyy, and 

CyW be the normal strains parallel to the two sets of axes respec- 
tively whilst are the shear strains for these axes. Let 

Xg,y Yyy X'xi XyS^nd X'y'.be the stresses in corresponding directions. 
Let the undashed axes be the axes of elastic symmetry of the material, 
the aj-axis being in the longitudinal direction and the 2 /-axis in the 
tangential direction. Further, let and Ey be the elastic moduli 
in the x and y directions respectively; and Cy^ the Poisson’s 
ratios respectively for strain in the y direction when stress is applied 
in the x direction and vice versa ; and the modulus of rigidity for 
shear in the xy plane. The stress-strain relations will then be as 
follows: — 

1 

^xz = ^ i^x ^xv ^y) 


(Yy <7yg.Xj^) 


1 



(I) 


since. 


“ = by Maxwell’s theorem (7) 
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If now we express the stresses X^, Yy, and X, in terms of X\’, 
Y'y\ and X'y the following relations hold (3). 


Xy = X’x cos*5 + Y'y’ 8in*0 — X'y’ 8m2fl 
Yy = X'^’ 8in*fl + Y'y' cosW + X'y’ sin20 . 

Xy — {X'x — Y'y) sinfl cosO + X'y’ c )»20 


(II) 


The normal strain e,,'*' in the direction of the OX' axis is given by; — 
e^’x — e,a.co8*0 + e,„8in0 + sin0 coaff ( III ) 


Substituting the values of the strains as given by equation (I.) in 
equation (m.), inserting the values of X^, Yy and Xy as given by 
equation (II.). and considering the coefficient of X'/ the following 
is obtained: — 


1 cob *6 

■Ex' 


~Ey 




I Mx* -Ex J 


Slll^^COS^ 6 . 


Since the a?-axis is in the longitudinal direction and the 2 /-axis in the 
tangential, this can then be written: — 


1 _ CQ8^0 ^ 8in*0 

^0 El Et Imk 





where JEJj and Et are the elastic moduli of the veneer parallel to and 
perpendicular to the grain and is the elastic modulus at an angle 
of 6 to the grain of the veneer, au is the Poisson's ratio for strain 
in the tangential direction when stress is applied in the longitudinal 
direction, and /xji is the modulus of rigidity for shear in the plane of 
the veneer. 

Experimental values are not available for Poisson's ratios but as 

2aM 

~ comprises only a small percentage of the term containing it, 

the value of gu for spruce, namely 0 • 54, can be used with little error. 
The theoretical curve of Fig. 3 has been fitted to the experimental 
data and the value for fiu for best fit determined. The most probable 
value appears to be 65,600 Ib./sq. in. and using this value the experi- 
mental curve does not differ significantly from the fitted curve. 

It was found that the means for large angles had a much greater 
error than those for small angles, despite the fact that more tests 
had been carried out for larger angles. In fitting the curve a trans- 
formation was therefore used. As the variances varied approximately 
as the square of the mean, the logarithms of the original values, 
rather than the values themselves, were analysed. The variance of 
the transformed values was found to be approximately constant. 
In general, the agreement appears to be reasonably close, the 
difference being quite small over the greater part of the range. Both 
in the case of maximum tensile strength and modulus of elasticity 
the ordinary theoretical formulae used, namely the Hankinson in the 
former case and the formulae for rotation of axes in material with 
orthotropic elastic properties in the latter case, give satisfactory 



€stimates of the values at various angles to the grain, provided the 
values parallel and perpendicular to the grain and the modulus of 
rigidity are known. 
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Tests on Small Clear Specimens of North Queensland 
Kauri (Agathis palmerstoni F.v.M.) 

By N. H. Kloot, BSc* 

Summary. 

Mechanical tests have been carried out on five trees of North Queensland 
kauri. Analysis of the results in great detail was considered unwarranted 
in view of the small number of trees tested. However, the tests provide 
sufficient information for comparative purposes and in a comparison with 
two other species of similar density, viz., bunya pine (Araucaria bidwilh 
Hook.) and Sitka spruce (Picea sitchensis (Bong.) Carr), kauri has a 
lower strength/weight ratio for most of the important properties. 

Although a mild form of compression wood was found in all five trees 
there did not appear any evidence that this affected the results. 

I. Introduction 

North Queensland kauri is the standard trade common name of 
the timber known botanically as Agathis 'palmerstoni F. v. M. and 
is the most important of the three kauris which grow in Queensland, 
the other two being Agathis rohusta (C. Moore) F. M. Bail, and 
Agathis microstachys J. F. Bail, and C. T. White. As its name implies, 
it is a native of Northern Queensland where it is found chiefly on 
the slopes and in the highlands of the Atherton tableland. The tree 
is large, averaging 12 to 14 feet girth, breast high, and a total height 
of over 100 feet (6). An outstanding characteristic is the more or 
less cylindrical shape of the trunk, the taper being much less than 
in most species. 

The timber ranges in colour from cream to pale reddish-brcjwn. 
It is usually evenly grown and does not show deflnite growth rings 
and although softer and lighter is generally similar to the well-known 
New Zealand kauri (Agathis australis Salisb.). 

An annual output of approximately 9 million super feet is absorbed 
in such fields as cabinet making, joinery, and internal sheeting and 
flooring of homes and railway carriages. The timber is also used 
for butter boxes, churns, and pats, for planking of light boats, for 
marine buoys and floats, and it has a high reputation in templet and 
pattern making. 

At the request of the Queensland Forest Service a short series 
of tests was made on material from five trees of this species. As far 
as the author is aware, previous strength tests on kauri pine aro 
scanty and of little practical value. 

2. Material 

Of the five trees collected for test, two came from the Kur^da 
district, two from the Little Mulgrkve River district, and one from 
the Kairi district— all of which are within a radius of 50 mil^ from 
Cairns. One sawn flitch was selected from each tree, four cut 

from middle logs and the fifth from a butt log. Details of the test 
logs are given in Table 1. 

* An officer of the £)ivision of Forest Products. 



Table 1, — ^Details of Logs Tested. 
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Table 1. — Details op Loos Tested — conttnued. 
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The sawn flitches, approximately 12 in. by 6 in., were resawn to 
yield 4 pairs of 2J in. by 2^ in. tangentially-matched sticks, one stick 
in each pair being put aside for air-drying, the other for testing 
^reen. Specimens from both the (}ry and green sticks, after having 
been machined to 2 in. by 2 in., were subjected to the various tests 
according to the procedure, largely based on A.S.T.M. (1), B.S.I. (2), 
and British Air Ministry (3) specifications, adopted in this laboratory 
for the war-time testing of timbers for use in aircraft construction. 

3. Correction for Moisture Content 

Using an intersection point of 28 per cent, moisture content, the 
average relationship between strength and moisture content was 
calculated for each property using the U.S. Forest Products Laboratory 
•exponential formula (7), and the estimated values at 12 per cent, 
moisture content obtained.* 

All properties were corrected by this method with the exception 
of the two impact tests, toughness and Izod, for which the relationship 
between strength and moisture content is known to be considerably 
different from the exponential law for static properties. As yet, 
however, no tests have been done to determine correction factors for 
impact tests on this species. 

4. Compression Wood 

In common with other softwoods, kauri tends to develop 
•compression wood and, in order to determine its severity in the trees 
tested, microscopic examination was made of specimens from every 
stick taken from each tree. A mild form of compression wood was 
found to be present in all the samples examined. It was not, however, 
sufficiently pronounced to be taken as definite compression wood. 
Where the latter did occur, it was found only in very narrow bands. 
These appeared more frequently in the two trees from the Little 
Mulgrave River district. Less was found in the trees from the 
Kuranda district, and the tree from the tableland area showed no 
evidence of definite compression wood. 

5. Results of Tests 

In Table 2 the average value for each property is given for the 
green and dry tests together with the appropriate statistical data. 
No figures are given for dry torsion as only one specimen was 
available for test, and in the green tests statistical data are not given 
for the same properties as only three specimens were tested. 

In order to check the effect on 1;he results of the compression wood 
in Tree 3 (the worst of the five trees in this respect) the strength 
values of the five trees were compared with one another; whilst the 
differences between trees were fpund to be significant, the effect 
was gfeneral and could not be attribjuted to one tree only. Consequently 
the results from all trees have been included in the species average 
and no result has been eliminated from any part of the analysis 
because of the presence of compression wood. 

will be noted that in Table 4 the results are quoted at, 15 per cent, 
moisture content. This is due to the initial analysis of the results being 
made 'uniform with the procedure adopted for other species tested in the 
aircraft timber testing programme. 
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torsional strength .. Ib./feq. in Gieen 1,36<> | . . | | i 1,260 i 1,430 



Table 2. — ^Mechanical and Physical Properties of Small Clear Specimens of North Queensland Kauri . — continued 
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Hardness — I 

Tangential .. .. . Ib. Green -">26 3r>*4 79*2 8.7*8 16*4 370 I 675 

I 12% I 516 34*8 77*1 84*6 16*4 360 | 625 

♦ Average iijoi‘,ture content approximately 16 %. 
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In Plate 2, Figs. 1, 2, and 3 illustrate typical failures of dry 
kauri pine in centre-point bending, four-point bending, compression 
parallel to the grain, Izod, and toughness. The pronounced brittle 
failures in both static and impact bending tests are reflected in the 
very low impact values. 

As the number of specimens tested to determine any particular 
property was small, it was considered that the preparation of fre- 
quency polygons would not serve any useful purpose and might prove 
misleading. 


6. Correlations Between Properties 

In attempting to select material with certain minimum strength 
requirements, it is of advantage to flx on an easily determined pro- 
perty such as density and knowing the correlation between this and 
the desired properties, to select the timber within a given range or 
above a given minimum value of this property. This is usually fairly 
difficult with timber owing to the low correlation obtained between 
most pairs of properties. 

In Table 3 a list is given of those correlation coefficients which 
proved to be statistically significant. Both dry and green results 
were analysed together and, where the difference between moisture 
contents was shown to be not significant, the total correlation and 
a single regression for both sets of results are given. Where the 
difference in correlation coefficients for dry and green tests proved 
to be significant, regressions for both conditions are given and the 
correlation coefficient with moisture condition eliminated is also 
shown in place of a total correlation coefficient. Most of the 
numerically large coefficients are of little practical importance, e.g. 
radial Izod v. tangential Izod, whereas those which might be of some 
practical importance are generally too low to be of much assistance 
in selection. An example of the latter is the correlation between 
density and maximum crushing strength, which is shown as 0-748. 
This means that only 0-7482 x 100 or 56 per cent, of the variation 
in crushing strength is attributable to variation in density. 

In Figs. 1 to 6, the results from some of the tests are plotted 
against density and, with the exception of tensile strength against 
density where the correlation was not significant, regression curves 
have been included. It must be emphasized that the total number of 
test values is relatively small and this analysis can only serve as a 
guide until a much wider range of material has been tested to obtain 
a more accurate estimate of the properties and the relationships 
between properties of this species. 


7. Comparison with Other Species 

In Table 4 a comparison is made between kauri pine and two other 
species of similar density, viz. bunya pine and Sitka spruce, the data 
for which were obtained from an unpublished report on the properties 
of burfya pine. On the whole, kauri pine does not compare favourably 
with either of the other two species, particularly in tensile strength, 
modulus of elasticity, and impact strength. Except in compression 






Table 3. — North Queensland Kauri — Regressions and Correlations 
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Significant at the I per cent level of probability. 
Significant at the 5 per cent level of probability 
Not significant 



Table 3. — North Queensland Kauri — Regressions and Correlations. — continued. 
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'* Significant at the 1 per tent le\el of p^oba1:)lllt^ 
• Significant at the o per cent le\el of probabihtj 
t Not significant. 



Table 4 — Comparison of Average Properties op Small Clear Specimens (Unselected) of North Queensland 
Kauri. Bunya Pine^ and Sitka Spruce at 15 Per Cent. Moisture Content. 
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Table 4. — Comparison of Average Properties of Small Clear Specimens (Unselected) of North Queensland 
KaurIj Bunya Pine^ and Sitka Spruce at 15 Per Cent Moisture Content — continued . 
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\ir dry specific gravitj at 15 per cent moisture content 
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parallel and perpendicular to the grain and one or two minor pro- 
perties, kauri is inferior to both bunya pine and spruce and in 
either of these two species a more efficient solid Euler strut 
(strength/density2) or a more efficient solid spar (strength/ 
density V 2 ) may be constructed. 

8. Properties Other Than Strength 

Experiments on the steam bending qualities of this species (5) 
show it to be inferior to such species as celery-top pine (Phyllocladus 
rhomboidalis L.C. Rich.), radiata pine (Pinus radiata D. Don) and 
Corsican pine (Pinus laricio Poir.). Like hoop pine, kauri has little 
resistance to decay. 

In general, kauri has many desirable qualities as evidenced by 
the wide range of uses to which this species is put. It is characteris- 
tically clear and straight-grained and little difficulty is encountered 
in its seasoning. It machines and glues well and its almost complete 
lack of odour and taint ” makes it an ideal medium for food con- 
tainers such as butter boxes. Data given by Greenhill (4) indicate 
that kauri has a low shrinkage of the order of 0-2 per cent, per 
1 per cent, moisture content change in both the radial and tangential 
directions. 
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The Nature of Plastic Deformation in Wood at 
Elevated Temperatures 

By H, G, Higgins, B,Sc. (Hons.),"^ and Florence V, Griffin* 


Summary, 

1. Elastic after-effects were observed in hoop pine plywood panels Which 
had been oven-dried and subjected for five minutes to pressures capable 
of causing residual deformation at elevated temperatures. 

2. For the major residual deformations observed, elastic after-effect 
comprised about half of the total residual deformation at a pressing 
temperature of 120 ®C., a proportion which declined to one-seventh at 200 °C. 

3. The influence of elastic after-effect was such as not to alter radically 
the effect of temperature upon yield-value. 

4. Microscopic studies showed that the radial pressure required to 
produce fracture of the cell wall declined with increase in temperature, 
the effect being linear over the range examined, with a regression coefficient 
of — 6*75 Ib./sq. in. per degree C. 

5. From a consideration of temperature and pressure effects, three 
main zones of deformation could be deflned: those of elasticity, flow, and 
fracture. The zone of flow was divisible further into areas of plasto- 
elasticity and visco-elasticity. 

6. It appeared probable that the location of flow in the wood tissue 
was the cell wall as well as the middle lamella zone. 

7. Deformation in the zone of flow appeared to involve re-arrangement 
on a sub-microscopic scale, insofar as gross fracture of the cell wall was 
absent, and minute compression failures were not significantly more 
abundant than in the zone of elasticity. 

8. Rheological studies may contpbute to the knowledge of the structure 
of the cell wall. Short loading times and elevated temperatures should be 
used in conjunction with sustained loading at ordi'^ary temperatures. 


I. Introduction 

In a previous paper (1) an experiment, which was designed to 
investigate the effect of temperature upon the immediate residual 
deformation of plywood panels pressed for a fixed time under varying 
loads, was described. It was found that, for oven-dry material, the 
load at which appreciable residual deformation took place declined 
rapidly with rising temperature from 120° to 160°C., and was small 
over i60°C. The virtual disappearance of a yield value near this 
temperature appeared to represent a fundamental change in plastic 
behaviour. 

Two major problems were suggested by the results of this investi- 
gation: firstiy, what part of the immediate residual deformation can 
be attributed to elastic rather than plastic effects? knd secondly, 
what is the physical nature of so-called plastic deformation in a 
material of such complexity as wood? 

The answer to the first question would involve the measurement 
of elastic recovery in the original specimens after the lapse of a 
considerable period. This would permit due allowance to be made 


*An officer of the Division of Forest Products. 



362 


for the elastic after-effect in defining the dependence of yield value 
upon temperature, and the results could be compared with those 
obtained by measuring residual deformation immediately after 
pressing. 

The second problem sought confirmation or otherwise of the 
implied hypothesis (1) that each residual deformation was due, in 
part at least, to plastic behaviour of the material of the wood, and 
was not simply the result of crushing, i.e., fracture, of the cells. 
Some evidence was provided in support of this view in that tempera- 
ture critically controls the mode of deformation, an apparently plastic 
or quasi-plastic behaviour being superseded by viscous or quasi- 
viscous flow above about IGO^^C., and it was remarked that this 
temperature accorded with the softening point of some dry extracted 
lignins. It was the aim of the present investigation to obtain further 
evidence directly of the nature of plastic deformation by microscopic 
examination of sections of the specimens. 


2. Materials 

The material used for this experiment was identical with that 
used previously (1), and consisted of pl 5 wood specimens 4 in. by 4 in., 
made up from three veneers, of nominal thickness 1/16 in., of rotary- 
cut hoop pine (Araucaria cunninghamii Ait.), bonded together at 
50 Ib./sq. in. and 145°C. for eight minutes with a phenol-formaldehyde 
film adhesive. All the specimens had been cut from the same plywood 
panel, and the veneer consisted of closely matched material from the 
same log. The specimens had been subjected to pressures ranging 
from 200 to 1,200 Ib./sq. in. over a temperature range of from 120*^ 
to 200 °C. Each specimen had been oven-dried and then pre-heated 
for two minutes before the application of the load, which had been 
maintained for five minutes in every case. Residual deformation 
had been measured by obtaining the differences in thickness imme- 
diately before insertion in and immediately after removal from the 
press. 


3. Determination of Elastic After-effect 
After the lapse of periods of 55 and 100 days from pressing, the 
thickness of each specimen was re-measured, using a micrometer 
gauge as before, each determination being the mean of eight measure- 
ments — one in each corner and one near the centre of each side. The 
specimens were oven-dried before measuring in order to reproduce 
the original moisture content and to eliminate dimensional changes 
due to the absorption of moisture since pressing. However, most of 
the recovery must have taken place at a moisture content in 
equilibrium with laboratory conditions. 


4. Influence of Elastic After-effect on Yield Line 
The elastic after-effects are shown in Table 1, and it can be seen 
that the major part of the delayed recovery occurs in the first period 
of 55 4 days after pressing, indicating that the total effect converges 
to a finite limit, which will be a small multiple of the recovery 
observed* in the first period. 
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Table 1. — Residual Deformation and Elastic After-effect. 


lemperature (“ C ) 


— 

Pressure 
(lb /sq In ) 

120 

140 

160 

180 

200. 

a 

b 

c 

a 

6 

f 

a 

b 

r 

a 

b 

c 

a 

b 

c 

Total Residual 

200 

T) 

8 


3 

2 

i 

5 

5 


8 

10 

6 

3 

8 

2 

Deformations 

400 

2 

3 


6 

3 


11 

5 

* 

22 

17 

13 

18 

21 

15 

(In X 10-») 

600 

2 

0 


4 

2 


23 

15 

* 

36 

27 

21 

81 

70 

68 

Compression 

800 

5 

-0 


11 

7 

6 

19 

14 

7 

56 

45 

36 

235 

209 

204 

Positive 

1,000 

2 

2 


33 

25 

21 

60 

38 

30 

232 

177 

168 

505 

449 

447 


1,200 

43 

21 

24 

89 

60 

1 

56 

260 

200 

187 

414 

320 

304 

639 

554 

659 

Total Elastic 

200 

0 

-3 


0 

1 


0 

0 


0 

-2 

2 

0 

-5 

1 

After-effect 

400 

0 

-1 


0 

2 


0 

6 

* 

0 

5 

9 

0 

-3 

3 

(In. X 10-’) 

600 

0 

2 


0 

2 


0 

8 

* 

0 

9 

15 

0 

11 

13 

Recovery 

800 

0 

11 


0 

4 

5 

0 

5 

12 

0 

11 

20 

0 

26 

31 

Positive 

1,000 

0 

0 


0 

8 

12 

0 

22 

30 

0 

55 

64 

0 

56 

58 


1,200 

0 

22 

19 

0 

29 

34 

0 

60 

73 

0 

94 

110 

0 

85 

80 


a Immediately after preeslng 6 — 65 days after pressing c — 100 days after 

pressing. * Specimens delaminated 


If the residual deformations after 55 days, for example, are plotted 
against the pressure, for each temperature, a family of curves is 
obtained (see Fig. 1), which is similar to that obtained for the 



Pneosure ~ LB/SQ IN 

Fig. 1. — ^Residual deformation 55 days after pressing. 
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Immediate residual deformations (1). From these new curves a new 
yield value versus temperature curve (“jdeld line”) can be drawn, 
the yield values being taken, as before, as the pressures corresponding 
to the points at which the smoothed curves in Fig. 1 approach the 
load axis (or, in practice, intersect the + -0005 in. abscissa). The 
new yield line (Fig. 5 — lower line) is similar to that obtained using 
immediate residual deformations. 

The dependence of elastic after-effect upon both pressure and 
temperature is defined, in Fig. 2, by contours on the surface repre- 
senting the empirical function which expresses that dependence. The 



contours have been drawn from the elastic after-effects at 55 days, 
and, to facilitate interpretation, the square of the pressure has been 
plotted^ along the vertical axis. Since the temperature and moisture 
content of the specimens during the recovery period differed from 
those during pressing, the diagram can be considered as of only 
practical significance. 
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5. Effect of Temperature on Elastic After-effect 
Although quite valid practically, Fig. 2 gives a somewhat false 
theoretical conception of the dependence of elastic after-effect upon 
pressing temperature, since the apparent increase of one with the 
other at constant pressure is due to the great increase in plasticity 
with rising temperature. This may be shown by the simple expedient 
of determining what proportion of the total initial residual deforma- 
tion is due to elastic after-effect at each temperature. Table 2 shows 
this proportion expressed as a percentage and, in order to eliminate 
experimental inconsistencies for small measurements, the ratio has 
been computed only for elastic after-effects greater than 0 001 in., 
and at pressures and temperatures greater than the yield value. 


Table 2. — Ratio of Elastic After-effect to Total Initial Residual 
Deformation (per cent.). 


lemiH'raturo ( C ) 


Pn*ssiirc (lb /sq in ) 

120 

! 

140 

100 1 

ISO 

200 


h 

1 

r 

h < 

h 


h 

r 

h 

c 

800 . .. . .. 1 

\ 

1 

i 1 



1 

1 

. . 1 

\ 

1 

14 

16 

800 .. .. ' 



!! ' . 



30 ! 

34 

11 

13 

1,000 . . 1 



. 1 ' 

37 

.50 

24 

28 

11 

11 

1,200 .. . 1 

\ 

44 

33 j 3H 

23 

30 

23 

27 ^ 

13 

12 

Time Means 

r,i 

44 

33 1 38 

1 

4<) 

26 

30 

12 

13 


T«mp. Moans 


4S 




H5 


2S 


13 


b — 55 days after 1)1 essinjz t — 100 daN*- j‘ter pre^MiiK 


The correlation between temperature and the ratio of elastic after- 
effect to total initial residual deformation is expressed in Fig. 3, 
which is plotted from the figures in Table 2. It now becomes apparent 
that elastic after-effect decreases in importance with rising tempera- 
ture, rather than increasing as suggested by Fig. 2. It is probable 
that delayed elastic recovery was inhibited to some extent by the 
cooling of the specimens after pressing. 


6. The Relationship between Types of Deformation and Organization of 

the Cell Wall 

The continued existence of elastic after-effects with pressing 
temperatures above that at which the yield value becomes small, may 
shed light on the general nature of the deformation above this critical 
temperature (160°-170®C.). This elasticity immediately excludes, as 
might, of course, be expected for wood, even at high temperatures, 
the possibility of Newtonian or true viscous flow, and it indicates 
further that the behaviour at such temperatures is of the visco-elastic 
type. The terms used here are in accordance with the classification 
of strains proposed by the British Rheologists* Club (4) and discussed 
by Scott Blair (6, p. 43). 
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Similarly, below the critical temperature, since elastic after- 
effects cannot occur in any plasto-inelastic system, of which the 
Bingham solid is a special case, the deformation must therefore be 
of the plasto-elastic type, as it is in wood at ordinary temperatures. 



Fig. 3. — Effect of temperature on relative elastic 
after-effect. 

Although by no means conclusive, it seems reasonable to suggest 
that visco-elastic or plasto-elastic flow would be much more likely 
to occur in a system consisting of two (or more) discrete materials, 
perhaps quite intimately linked, but nevertheless maintaining to some 
degree their individual response to deforming stresses. If deflnite 
evidence can be adduced along these lines, it may be possible to draw 
important conclusions concerning the organization of lignin and of 
carbohydrates in the plant cell wall. It will be necessary to demon- 
strate that flow actually 'takes place in the cell wall, and not merely 
in the middle lamella zone, a postulate which will be defended later. 

Houwink (2, p. 250) points out, moreover, that correlation between 
the orientation and length of the micelles and the shape of the 
deformation curves has been established in the case of some cellulosic 
materials. Van Iterson (9) for instance studied the deformation 
curves for cellophane in different directions, and found distinct 
differences which he ascribed to orientation of the micelles. The 
method could perhaps be applied analytically for natural materials. 


7. Microscopic Examination of the Cell Wall 
Two sections of each plywood specimen were cut and mounted 
on sliJies in Canada balsam. One section of each pair showed a 
cross-section of the centre vimeer and a radial section of the two 
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face veneers, while the other section, cut at right angles to the first, 
showed the centre veneer in radial section and the faces in cross- 
section. 

Examination of the sections was made under ordinary light, and 
in random order so as to eliminate any possible personal bias, with 
a view to determining in which specimens crushing or fracture had 
taken place. Radial sections yielded little or no information in this 
regeird, but the cross-sections were clearly divisible into two groups. 
One showed no evidence of crushing, in the sense of fracture of the 
cell wall, although in some specimens deformation of the tracheids 
had apparently taken place in a manner which could have been 
attributed to a flow phenomenon. The other group showed deflnite 
bands in which complete fracture of the cell wall had taken place. 

Plate 3 (a) shows a photo-micrograph of a specimen without 
fracture. Plate 3 (b) and (c), by way of contrast, displays cell wall 
fracture in different degrees of advancement. Incipient in 3 (b), it 
is very much advanced in 3 (c), where the orientation of the fracture 
zones into parallel bands is no longer evident. 

It can be seen, by examination of the less fractured specimens, 
that this orientation is due to fracture occurring parallel to the growth 
rings, and, as would be expected, it is in the large, thin-walled cells 
of the early wood that fracture takes place initially. This is shown 
in Plate 3 (b). 

The specimens were examined further in polarized light, with the 
object of determining the incidence of slip planes and minute 
compression failures. Slip planes were observed in all sections, and 
minute compression failures cmly in those cut from specimens which 
had been pressed under the following sets of conditions: — 


Piossuio (lb /^.q 111 ) 

J(K> 

400 

40(^ 

(>(M) hOO 1,000 

1,000 1 

,200 

1,200 

Toinix latuu ( < ) 

HO 1 

120 

180 

140 1 200 1 140 

200 1 

120 

140 1 


8. Effect of Pressure and Temperature on Cell Wall Fracture 
Table 3 lists the temperatures and pressures to which specimens of 
the two groups were subjected. Except where otherwise indicated, 
the cell wall fracture occurred in none or all of the veneers of the 
plywood. The values of the pressure at which fracture occurred (see 
column headed “ Interpolated from Observations ”) represent the 
pressure at which fracture would be expected to occur in 1 • 5 veneers, 
i.e., in half the total number. When these values of “ fracture 
pressure ** were statistically examined in relation to temperature, a 
linear regression was established with a coefficient of — 6*75 Ib./sq. 
in. per degree C., which gave the estimated values shown in the last 
column of Table 3. The regression was computed by Mr. E. J. 
Williams of the Section of Mathematical Statistics, C.S.I.R. 

These results are shown graphically in Fig. 4 in which the abrupt 
and approximately linear nature of the boundary between the zones 
of fracture and of non-fracture on the pressure-temperature diagram 
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is clearly seen. It is of interest to note that if the fracture pressures 
for each temperature are plotted on the pressure versus residual 
deformation curves for any period after pressing (e.g., 55 days, as in 
Fig. 1) then the points obtained are those at which the slope of the 
isothermals rapidly increases, thus providing the physical explana- 
tion for that phenomenon. These points are joined by the broken 
line in Fig. 1. 


Table 3. — Variation of “ Fracture Pressure with Temperature. 


Temp 

Pressures Applied to 
S|)e(jimens ShowlnK 
no Fracture (lb /sci m ) 

Pressures Applied to 

Piessure at which Fracture 
Occurs (lb /sq In ). 

CC) 

Sijecimens Showing 
Fracture (lb /sq in ) 

Interpolated 

from 

Observations 

From Linear 
Regression 

120 

200, 400, 600, 800, 
1,000, 1,200 


1,200 

1,275 

140 

200, 4(K), 600, 800, 
1,000* 

J,200t 

1,1(X) 

1,140 

160 

200, 400, 600, 800, 
1,000* .. 

1,200 

1,050 

1,005 

180 

200, 400, 600, 800 . . 

1,0(H), 1,200 

900 

870 

200 

200, 400, 600 

800, 1,000, 1,2CH) 

7(M) 

735 


• Fracture m one veneer t Fracture m two \eneers. 



Fig. 4. — Effect of temperature on strength of cell wall. 
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9. Principal Zones of Deformation 

Thp effect of temperature upon both yield value and fracture 
pressure is shown in Fig. 5, the yield line being arbitrarily selected 
as that corresponding to conditions 55 days after pressing, and the 
fracture line being taken directly from Fig. 4. 

Three major zones of deformation are now defined. The lower 
zone is that of elastic deformation: nothing can be said from the 
present data as to whether further boundaries can be drawn within 
the zone, e.g., between Hookean and non-Hookean deformation. 
However, it may be noted that the proportional limit can never exceed 
the yield value and can only equal it if all the elastic deformation 
follows Hooke's Law — a rather improbable condition, perhaps, in dry 
wood at any temperature. The upper zone is that of fracture of the 
cell wall, and as such is practically beyond rheological study, although, 
in compression, complex plastic and elastic effects will continue to 
operate with increasing stress, even as failure proceeds. Our main 
interest in this zone at present, however, is in its lower boundary, 
and in particular in the large distance by which that line is removed 
from the yield line, and even from the position the yield line would 
be expected to occupy after the final appreciable dissipation of elastic 
after-effect. 



Fig. 5. — ^Zones of deformation. 


It is in the middle zone of Fig. 5, then, between the fracture line 
and the yield line that plastic deformation is of major importance. 
A further sub-division of this zone can be made at the critical tempera- 
ture into plasto-elastic and visco-elastic deformation. It seems fairly 
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reasonable to assume that this boundary is an isothermal, since the 
type of flow should not depend on stress, within such narrow limits, 
once the yield value is exceeded. 

The question of the location of flow deformation within the woody 
tissue is worthy of passing consideration, although the evidence is 
somewhat limited. From simple geometrical considerations, it would 
appear that the very fact that permanent external volumetric com- 
pression takes place under stress, without fracture of the cell wall, 
indicates that the deformation cannot be solely in the middle lamella 
zone. It seems justifiable to conclude that flow must also take place 
in the material of the cell wall, which comprises the main bulk of 
the tissue. (Support for this view is perhaps lent by the recent 
conclusion of Wardrop and Dadswell (10) that intercellular adhesion 
in delignifled tissue is to be attributed mainly to direct mechanical 
adhesion between the cells, and that the previous conception of a 
dilute alkali soluble, non-lignin, non-polyuronide bonding material 
must be rejected.) 

Reverting to Fig. 5, one practical application of the division of 
the pressure-temperature diagram into zones of deformation may 
lie in defining conditions for the manufacture of densified wood 
products having optimum strength/weight ratios. For a particular 
species, time of pressing, and moisture content, it would be necessary 
to select temperature and pressure so as to exceed the yield line in 
order to obtain permanent densification. On the other hand it seems 
very probable that strength properties will not continue to increase 
much more rapidly than density if the fracture line is exceeded. 
Best results could possibly be obtained at temperatures and pressures 
just below the fracture line. 


10. General Discussion. 

Some diffidence has been felt by one of the present writers in a 
previous paper (1) in using the term “ yield value ” to connote the 
compressive stress at which appreciable permanent deformation takes 
place, a meaning which has been retained in these discussions. 
Various definitions of the “ yield value ’’ of some materials, usually 
based on the tensile stress required for an arbitrary small permanent 
extension of a rod of fixed length, have been proposed. There seems 
to be no general agreement among rheologists as to what is meant by 
the term (6, p. 184) and indeed the acceptance or otherwise of the 
concept of “ yield value '' forms the basis of the difference between 
the analytical and integralist schools in rheology. So the term “ yield 
value ** is used here in its widest sense with full cognizance of the 
necessarily arbitrary conditions imposed by the present tests: namely, 
the moisture content of the wood, the time and rate of loading, the 
species, &c. However, the qualitative picture may be of some use. 

The short loading time used need not be considered as incompatible 
with generally applicable conclusions on the plasticity of wood. Inso- 
far as elevated temperatures have an effect similar to long-time 
loading in increasing residual deformation, the study of wood at these 
tempepatures can provide data for correlation with the study of 
creep at ordinary temperatures, and of course these data can be much 
more qufckly obtained. Tests conducted at ordinary temperatures 
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and with long-time loading are of vital importance for direct applica 
tion to problems in constructional engineering, as Kingston (3) 
points out, tests at elevated temperatures with short loading time 
are more applicable in practice to the manufacture of derived wood 
products, e g , plywood and densified wood, and plastics containing 
wood flour For clarification of the theory of fiow in wood, both lines 
of attack are necessary 

The decline with temperature of the strength of the dry material 
of the cell wall, as determined by the pressure required for fracture, 
suggests that methods, such as those described here, may yield data 
which will contribute to the intimate problems of cell wall structure, 
particularly when used in conjunction with the rheological analysis 
suggested earlier Such an approach has been adopted by Treitel 
for cylindrical plant tissues (8) 

Results of the microscopic examination of the sections m polarized 
light indicated that mmute compression failures are not significantly 
more abundant in the middle zone than below the yield line, which 
suggests that the plastic deformation in the zone of fiow involves 
micellar or molecular re-arrangement rather than any form of 
crushing, even on a microscopic scale In this connection it is of 
interest that another recent paper by Wardrop and Dadswell (11) 
indicates that, for certain tests carried out at ordinary temperatures 
under very different conditions from the present ones, short-time 
loading produced no widespread minute compression failures, whereas 
there was some development of mmute compression failures in beams 
loaded for long periods However, the stresses were high A point 
in favour of the assumption of a true form of plasticity in the middle 
zone of Fig 5 is the well-known plasticizing action of moisture upon 
wood, which has been discussed quantitatively by Seborg, Millett, and 
Stamm (7) and briefly by one of the present writers (1) 
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The Influence of Fertilizers on Take-All of Wheat 
By H. R. Angdl, PhD. * 

Summary. 

1. Infection of roots of wheat by root-rotting organisms in differently 
fertilized plots in a randomized block was not significantly different from 
the controls. 

2. Soil moisture not having been a limiting factor in 1943, the percentage 
of whiteheads was, in comparison with the controls, significantly lower in 
the plots manured with a mixture of ammonium sulphate and super- 
phosphate, with or without trace elements. 

3. The effects of some other fertilizers are also noted. 

4. Variation in the percentages of plants with whiteheads or incipient 
whiteheads in different manurial treatments suggests that the economic 
importance of the disease is significantly influenced by available plant food. 

5. Using the control plots as the basis of comparison, the percentages 
of plants with infected roots in the different treatments are not significantly 
different, but the percentages with whiteheads or incipient whiteheads are 
significantly different. The difference between the percentage of root 
infection and the percentage of whiteheads appears to indicate induced 
resistance to the development of the disease in the plant. 

6. The bearing of these results on the control of take-all, and some 
factors that may interfere with control are discussed. 

1. Introduction 

It has been stated by Russell (11) that Ophioholus graminis Sacc., 
the organism associated with take-all of wheat, Triticum aestivum L., 
is present in the virgin sod in Saskatchewan. Since that time it has 
become apparent that “ the widespread occurrence of take-all as a 
disease of cereal crops is undoubtedly to be attributed to the cosmo- 
politan distribution of O. graminis as a root disease of grasses 
(Garrett, 6). From the results of the writer’s experiments and 
observations, it has been evident that this view concerning the dis- 
tribution of the organism holds true under the conditions prevailing 
in the Australian Capital Territory. 

In experiments in drums the writer (1, 2) showed that in the 
second season the disease was of little consequence if plant food was 
conserved from the first season’s crop, but was destructive if plant 
food was depleted by it. In the experiments, the soil in some of the 
drums was infested with a culture of the organism in the first year, 
to other drums nothing was added, but naturally occurring root- 
rotting organisms were present as was shown by the occurrence of 
lesions at harvest time. In the first year the disease caused marked 
under-development of the plants in the artificially infested drums, 
consequently a larger supply of nutrients was conserved in those 
drums for the second year’s crop. In the drums that were not 
artificially infested the plant food was nearly exhausted by the crop 
in the first season, little nutrient remained for the needs of the second 
season’s crop, consequently take-all was destructive. 

In a recent paper by White (16) and in the literature reviewed 
by Garrett (6) it is assumed that control of the disease after fallowing 
is due mfainly to the elimination of root-rotting organisms from the 
♦'Principal Pathologist, Division of Plant Industry. 
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soil. The relative efficiency of two years of bare fallow and two years 
of pasture, respectively, in reducing the percentage of take-all should, 
however, be noted (16). In the present paper there is evidence that 
the percentage of plants with infected roots in the differently manured 
plots does not differ significantly from that in the controls, though 
there are differences between some of the treatments. The differences 
in the percentages of plants with whiteheads, however, show that 
susceptibility to the progress of the disease is conditioned by the 
nutrients added to the soil (1, 2). The degree of damage to the roots 
also appears to be influenced by plant food (4, 13). The results of 
these pot and plot experiments suggest that control of take-all by 
fallowing may be due to available plant food (3, 8) and not to the 
elimination of root-rotting organisms. 

Extension of the writer’s experiments from pots to field plots was 
facilitated by the cooperation of a wheatgrower on a farm eight miles 
from the laboratory in Canberra. The disease was destructive in 1939 
when wheat was first sown on the area used for this experiment. The 
history of the field, the soil type, and the distribution of the disease 
in 1939 and 1940 were discussed by White (15). The experiment here 
described was conducted in 1943 on a plot in this field in which wheat 
was grown every season since 1939. White (16) reported that on 
this area in 1942 the percentage of take-all was 76 and 72 per cent. 

The effects of added nutrients on the host, on infection, and on 
disease development under the conditions prevailing in 1943 are here 
reported and discussed. 


2, Field Experiment— Methods 

The usual tillage operatiohs were done and the seed was sown in 
late autumn as is usual in this area. 

The experiment was designed as a randomized block arrangement 
of four replications with eight plots, each 25 feet by 25 teet, per block. 
In each block, a mixture of the trace elements listed below was applied 
to one of the plots and a mixture of the same trace elements and 
superphosphate to another. These plots were then halved and 
ammonium sulphate applied to one half. Within each block there 
was also a control plot to which nothing was added. The remaining 
five plots per block were given the following treatments: — 

Superphosphate. 

Ammonium sulphate with and without superphosphate. 

Blood manure with and without superphosphate. 


Wherever used, the rates of dressing were — 
Ammonium sulphate 
Superphosphate 
Blood manure 
Zinc sulphate 
Manganese sulphate 
Copper sulphate 
Borax 

Ammonium molybdate 


8 cwt./acre. 

5 cwt./acre. 

8 cwt./acre. 
12*0 lb. /acre. 
12-0 lb. /acre. 
3*6 lb. /acre. 
0*6 lb. /acre. 
0-6 Ib./acre. 
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The growing conditions from seeding to maturity were much 
better than is usual in this district. The rainfall was well distributed, 
the monthly totals taken at the experiment station nearby being given 
below.* 

Quadrat samples were taken from each plot in December when 
the ears could be sharply differentiated as healthy, intermediate, or 
white-headed. The ears of intermediate type were distinguished by 
their greyish-green hue, and such ears if left to mature would have 
produced pinched to very pinched grain. For treatment comparisons 
it was decided to group them with plants with whiteheads. 

The root systems were examined for lesions and rated according 
to whether lesions were present or absent. Under the circumstances 
it was impracticable to estimate the amount of root damage, either 
in the absolute or relative sense. Estimates of the amount of damage 
to roots and the relation to whiteheads or other signs of take-all in 
other experiments were dealt with elsewhere (1, 2). 

The mean number of ears per plant was recorded as an index of 
shoot development. 


3. Results 

The results are given in Table 1. For the ratings of health of 
roots and ears, the variance between replicates of a treatment and 
the corresponding mean were approximately proportional, making it 
necessary to use the square root transformation of the ratings before 
analysis. The means of the transformed values, together with mini- 
mum differences for significance at the 5 per cent, and 1 per cent, 
level are given. Because of the design, the error appropriate to the 
estimate of ammonium sulphate effects in the presence of the trace 
elements with or without superphosphate, is different from the error 
for the remaining comparisons. 

The principal feature of the results shown in the table is the 
one with which this paper is primarily concerned. It is the generally 
beneficial effect of the application of a mixture of ammonium sulphate 
and superphosphate, with or without the trace elements. The 
beneficial effect of these fertilizer treatments is shown in the signifi- 
cant increase in the number of ears per plant, and the relatively small 
percentage of whiteheads or incipient whiteheads. By contrast, in 
none of the plots is the percentage of plants with healthy roots sig- 
nificantly different from the controls. There are, however, three 
treatments: No. 10 — trace elements plus superphosphate plus 
ammonium sulphate. No. 4 — superphosphate plus ammonium sulphate, 
and No. 5— blood manure, in which the percentage of plants with 
healthy roots is significantly higher than in two other treatments, 
No. 2 — ammonium sulphate only, and No. 7 — trace elements only. 
With the high percentage of plants with healthy roots a high average 
number of ears per plant is associated. 

In one fertilizer treatment — the trace elements and ammonium 
sulphate- -the low percentage of whiteheads is in marked contrast 
with the high percentage in the corresponding ammonium sulphate 

* January 246 wints, ^^February 8 points, March 89 points, April 350 
points, May 262 points, tJune 33 points, July 122 points, August 204 points, 
September, 220 points, October 297 points, November 344 points, December 
161 points. Total 2,336 points. 



Table 1. — Summary of Results of Field Experiment. 
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immum difierenoe at 6 per cent, and 1 per cent, between any other 

treatment pairs .. .. .. .. 2*41, 4*03 
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only. The high percentage of whiteheads in the plots receiving only 
the trace elements is outstanding. The reasons for the divergences 
cannot be deduced from the present results. Pot experiments have yet 
to be made to test the effects of these specific mixtures of fertilizers 
on the soil from this field. For the same reason the trend with blood 
manure and superphosphate cannot now be discussed. The failure 
to obtain a satisfactory response from the addition of superphosphate 
alone is not surprising, because in pot experiments now in progress 
with this soil no advantage over the controls results from the addition 
of superphosphate alone. 


4. Discussion 

In the field experiment dealt with in this paper, it is apparent that 
infection of the roots of wheat by Ophioholus graminis occurs very 
generally, almost independently of ordinary fertilizer treatments, 
indicating that some degree of root infection might be usual. The 
development of the disease as gauged by the percentage of empty 
or nearly empty heads is very different, being closely associated with 
treatment of the soil. The difference between the percentage of plants 
with root infection and the percentage of plants with diseased heads 
can therefore be used as an indication of host susceptibility modified 
by the various soil treatments. 

Under the conditions prevailing during the season, in which there 
was an equitable distribution of the rainfall, the supply of soil 
moisture was adequate for the needs of the crop, and a well marked 
degree of control was obtained in the plots in the experimental area 
to which a mixture of an inorganic nitrogenous fertilizer and super- 
phosphate was applied. With a comparable soil moisture supply, it 
is likely that equally good control of take-all would be obtained on 
the average wheat farm by the natural accumulation of nitrogen in 
fallowed land, and the usual application of superphosphate. Call (3) 
has concluded from his experiments in Kansas that “ early ploughing 
in preparing land for wheat appears to be of value under eastern 
Kansas conditions rather because of the large supply of plant food 
liberated, especially nitrates, than for any additional moisture that 
is stored in the soil by the early cultivation. It also appears that poor 
results are secured from late ploughing chiefly because plant food 
is not liberated in sufficient quantities to supply the needs of the crop.'' 
Richardson and Gurney (8) have shown that under the conditions 
prevailing at the Waite Agricultural Research Institute, South Aus- 
tralia, the amount of nitrate nitrogen accumulated in the soil by 
fallowing was sufficient for a prolific wheat crop, a basal dressing 
of 288 lb. of superphosphate per acre being added at sowing time. 
They also have stated that soil moisture conservation in the fallowed 
land was only slightly higher than in stubble land. They also have 
found that the application of i cwt. to 2 cwt. of sulphate of ammonia 
to stubble land gave profitable increases in the yield of crops sown 
on stubble. Clark (4) has demonstrated that the degree of control 
of the root-rotting phase of take-all was correlated with the nitrate 
nitrogen in the soil, and Stumbo et al, (13) have obtained good control 
of roqt-rot by the maintenance of available phosphorus and nitrate 
nitrogen content at suitable levels. In ordinary farming practice in 
the wheat belt of Australia, a good supply of available plant food in 
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the soil has been usually ensured by rotation of crops, fallowing, the 
application of phosphates and sometimes other fertilizers. As has 
been indicated by the widely varying response of the soils collected 
from different sources in and near Canberra to fertilizers and amend- 
ments, the specific needs of different districts, and soils in those dis- 
tricts in the wheat belt, might eventually be studied with profit. 

Instances of failure to obtain control of take-all by the usual 
cultural methods may be due to naturally poor soils (9), soils 
exhausted by repeated cropping (7), to competition with weeds (16), 
to the leaching of available nutrients by heavy rains, to a limiting 
or sub-optimal supply of soil moisture during the growing season, 
or to a combination of two or more of these circumstances. 

Sewell and Melchers (12), and Griffiths (7) state that repeated 
cropping of fields to wheat is usually followed by an increase in the 
economic importance of take-all. Exceptions are recorded by Fellows 
and Ficke (5), by the Waite Agricultural Research Institute (14), 
and in this paper. Some think that destructiveness of the disease 
is due directly to the building up of inoculum in the soil in the presence 
of the host plant, but if this were so it would be difficult to account 
for these exceptions and for the relative freedom from take-all in 
the continuous wheat plots at Rothamsted (10). The writer’s experi- 
ments, however, show that impoverishment of the soil by repeated 
cropping is associated with increased susceptibility to the development 
of the disease. Clark (4) notes that in successive cropping take-all 
appears earlier in pots containing small amounts of soil than in those 
containing larger amounts. If the fertility of the soil is maintained 
by the regular addition of nutrients, and soil moisture is not a limiting 
factor*, little if any tendency is noted for the above-ground symptoms 
of take-all to appear. Soil collected from an area adjoining the site 
of the experiment here described, in which plants were badly affected 
with take-all in five successive seasons, was used to grow plants in 
drums, but the disease did not begin to re-appear until the fourth 
successive crop in the drums. Freedom from the disease in the drums 
is shown to be due to adequate water supply that allows the plants to 
make use of the store of available plant food in the soil. In drums 
in which the soil moisture, replenished by surface applications, is but 
little more than sufficient to keep plants growing, the appearance of 
the plants is the same as in the field in dry years, whiteheads being 
very common. Oyhioholus graminis is not easily isolated, but the 
cultures obtained indicate that the distribution of the organism is 
essentially the same in both the well-watered drums, and those that 
are almost wholly dependent upon rain water. In practice, therefore, 
control of take-all in areas or years in which soil moisture is not a 
limiting factor, depends on resistance to the development of the disease 
associated with proper nutrition. 
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The Effect of Potassium on the Growth of Subterranean 
Clover and Other Pasture Plants on Crawley Sand 

1 . — Pot-culture Experiments 

By R C Rossiter, B Sc (Agrtc )* and E H Ktpps, BSc* 
Nummary. 

1 The results aie given of two pot-culture experiments with Crawley 
sand at the Institute of Agriculture, Perth, Western Australia in which 
responses to potash were obtained in the presence of phosphate with 
Dwalganup and Mt Barker subterranean clover 

2 Wimmera ryegrass giown in association gave responses to potash 
which were barely significant statistically 

3 Potassium deficiency symptoms appeared in the clover species more 
rapidly in the presence than in the absence of the grass 

4 Leaf -area measurements indicated no significant potash effects in 
the clover up to approximately 60 days from germination Pronounced and 
significant effects were obtained one month later 

1. Introduction 

The effect of mineral deficiencies on the growth of pasture plants 
IS of particular importance in the south-west of Western Australia, 
where light-textured soils constitute the major portion of the area. 
Because subterranean clover is the most widely used pasture species, 
the nutritional problems relating to this plant merit special attention. 
That superphosphate has played an outstanding role in the establish- 
ment and productivity of this clover has been recognized for many 
years (Mursell, 1944) J\Iore recently copper deficiency has been 
demonstrated (Jones and Elliott, 1944) 

The investigations herein reported were carried out at the Institute 
of Agriculture, Perth Profile details of the local soil type — Crawley 
sand — have been determined by one of the authors (Rossiter, 1938). 
Allied types occur in the Swan coastal plain (Teakle, 1938), so that the 
present studies may have more than immediately local application 

An experiment conducted in 1941 to examine the effects of various 
nutrients on a disease of lupins, since shown to be of virus ongm 
(Norris, 1943), resulted in highly significant responses to potassium 
by subterranean clover which appeared as a volunteer species A 
second trial in the following year failed to confirm this response The 
two trials described below formed one phase of a more comprehensive 
investigation on the potassium problem In the second part of the 
paper the results of field trials will be given. 

2. Methods 

Experiment 1 

Earthenware pots of 13 5 kg capacity, the inner surface coated 
with paraffin wax, were used throughout Seed of the Dwalganup 
variety of subterranean clover (Trifolium aubterraneum L ) was ger- 
minated in yellow subsoil sand subsequent to inoculation by the 
admixture of a small amount of topsoil Four seedlings were trans- 
planted to each pot on May 21, 1943. Soil moisture was maintained 


* An officer of the Division of Plant Industry 
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within the range of 30-40 per cent, of the maximum water-holding 
capacity (8-10 per cent, actual moisture content). Distilled water was 
used for this and also the second trial. 

Eight treatments were imposed in a 2 x 2 x 2 factorial design with 
four replications, in a simple randomized arrangement. These treat- 
ments may be denoted by: O, P, K, Ca, PK, PCa, KCa, and PKCa, the 
actual quantities of salts employed being as follows: — 

P-Na 2 HP 04 . 12 H 20 2*7 g./pot* 

K-KCl .. .. .. .. 1*0 g./pot 

Ca“CaS 04 . 2 H 2 O .. .. .. 13*6 g./pot 

In addition, a basal nutrient mixture was added, consisting of — 

CU-CUSO 4 . 5 H 2 O .. 0*10 g./pot 

Zn-ZnS 04 . 7 H 20 .. .. 0*10 g./pot 

Mn-Mn 804 . 4 H 20 0*17 g./pot 

B-Na 2 B 407 . 10 H 20 .. 0*10 g./pot 

Mo-NaHMo 04 .. .. .. .. 0*03 g./pot 


The CaSO^ was applied to the pots 10 days, and the remaining 
nutrients 1 day, before transplanting. 

All plants were harvested at full flowering on September 7, 1943, 
and the tops oven-dried at 90°C. for 24 hours, for dry weight deter- 
minations. 

The chemical analyses were carried out at Canberra. 


Experiment 2. 


Enamelled pots of relatively small capacity (1*50 kg.) were used 
in the second trial. Two species were tested, viz., subterranean clover 
(Mt. Barker variety) and Wimmera ryegrass {Lolium rigidum Gaud.). 
The clover seed was inoculated as before, and then sown directly into 
the pots, and with the grass seed where appropriate, on June 3, 1944. 
Emergence commenced on June 7, and six days later the seedlings 
were thinned out to four plants per pot with clover alone, and eight 
plants per pot — four of each species — where the grass was grown in 
association. 

A basal dressing of Ca(N 03)2 was applied to all pots on June 16, 
and the differential nutrient treatments applied on June 19. 

Altogether, 18 treatments were involved: the two nutrients, phos- 
phorus and potassium, each at three levels, with and without Wimmera 
ryegrass grown in association with the clover. The scheme may be 
represented as follows: — 



in which — 

Pl-NaH 2 P 04 .H 20 

P 2 -NaH 2 P 04 .H 20 

Kl-KCl 

K2-KC1 

Wl-*Wimmera ryegrass in association 


0*139 g./potf 
0*278 g./pot 
0*139 g./pot 
0*278 g./pot 


♦On a surface-area basis 0*68 g./pot is equivalent to 1 cwt./acre. 
1 0*139 g./pot is equivalent to 1 cwt./acre on a surface-area basis. 
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The basal dressing of Ca(N 03)2 was applied at 0*139 g. per pot 
to provide available nitrogen for the grass and to ensure an adequate 
calcium supply for the subterranean clover. 

Each treatment was replicated five times in a randomized block 
lay-out. 

On three occasions during the growing season — July 8, August 2, 
amd September 1 — ^total leaf area was estimated on each pot. For 
this purpose a rating technique (linear scale) was employed, based 
on a second degree polynomial regression equation relating total leaf 
area — determined by graphical means — to maximum width of central 
leaflet. The formula was calculated from measurements on 50 leaves 
of varying size. This method is similar to that used by Bald for 
potatoes (Bald, 1943). Although the rating scale was rather diflicult 
to apply, the estimates were easily checked by direct measurement 
of leaflet width. 

Harvesting took place on September 23, shortly before flowering 
was due to commence in the clover. The tops were carefully separated 
in the grass/clover mixture. All samples were then oven-dried and 
weighed as in Experiment 1. 


3. Results 


Eaypenment 1. 

(a) Total Dry Weight of Tops . — A summary of the data is given 
in Table 1. Despite the wide range in mean values, intra-treatment 
variances were of the same order of magnitude and no transformation 
was used prior to analysis. 


Table 1. — Mean Dry Weight and Effect — Subterranean Clover. 


Treatment 

Dry Weight 

Effect 

0 

g /pot 

6-03 


P 

9*16 

±6*25** 

K 

5*07 

±0*93 

Ca 

3-63 

~2*01** 

PK 

13*34 

±1*45* 

PCa 

9*00 

±0*05 

KCa 

2*46 

-1*17* 

PKCa 

9*68 

±0*62 

Standard error 

±0*787 

±0*567 


•* Significant at 1 per cent level • Significant at 5 per cent level 


The pronounced response to phosphorus was expected, and confirms 
earlier field-plot experiments. However, the depressing effect of 
CaSO^ was quite unexpected; it will be discussed further at the end 
of the paper. 

C.6663/47.— 8 
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Examination of the interaction effects shows barely significant 
results for P x K and K x Ca. Of these the former was positive, 
suggesting that the effect of potassium was greater at high than at 
low levels of phosphorus; from the latter it appears that the depression 
in yield arising from CaSO^ was greater in the presence than in the 
absence of potassium. 

It should be mentioned here that a subsidiary contemporaneous 
experiment showed a significant depressing effect of the basal solution 
in the absence of phosphorus. This was demonstrated to arise from 
excess boron. Whether, as a consequence, interaction in the main trial 
was affected is not known. 

(b) Mineral Content of Tops . — ^In Tables 2 and 3 are shown the 
results of these analyses; both absolute and percentage contents are 
presented. 


Table 2. — Relative Amount (g./IOO g.) of Minerals and Soluble 
Ash in Tops of Subterranean Clover. 


Troatment 

Phos- 

phorus 

Potas- 

sium 

Cal( ium 

Mag- 

nesium 

S(»dmm 

Nitrogen 

Sulphur 

Soluble 

Ash 

0 

0-18 

1-19 

0*96 

0-33 

1-0] 

2-27 

0*28 

7*28 

P 

0-32 

0*70 


0*30 

1-62 

2-41 

0*20 

6-68 

K 

0*18 

2*11 

0*92 

0*30 

0*70 

2-32 

0-29 

8-36 

Ca 

0*20 

1-42 

1*35 

0-48 

0*89 

2*43 

0-89 

9*51 

PK 

0-31 

1-40 

0*71 

0*.30 

l-ll 

2-41 

0-20 

7-20 

PCa . . 

0*31 

0-79 

1*16 

0*44 

1*24 

2-33 

0-82 

8*46 

KCa . . 

0*18 

2*63 

l-2« 

0*45 

0*50 

2-57 

0-91 

io-or> 

PKCa .. 

0-27 

1-92 

1*01 


0*73 

2 *52 

0*73 

8-01 

1 


Table 3. — Absolute Amount (mg./pot) of Minerals and Soluble 
Ash in Tops of Subterranean Clover. 


Treatment 

Phos- 

phorus 

Potas- 

sium 

Calcii^m 

Mag- 

nesium 

Sodium 

Nitrogen 

Sulphur 

Soluble 

Ash 

0 

9 

60 

48 

17 

61 

114 

14 

366 

p 

29 

64 

60 

27 

139 

221 

19 

612 

K 

9 

107 

47 

16 

36 

118 

15 

424 

Ca 

7 

60 

48 

17 

31 

86 

31 

336 

PK 

41 

187 

94 

40 

148 

321 

27 

961 

PCa 

28 

71 

103 

40 

112 

210 

74 

761 

KCa .. 

4 

62 

31 

11 

12 

63 

22 

. 247 

PKCa .. 

26 

184 

97 

33 

70 

241 

70 

267 


Two general types of response can be distinguished: — 

(1) Where addition of nutrient X tends to give a considerable 
increase in the relative amount of that nutrient. Where this addition 
also leads to an increase in yield there is obviously a relatively greater 
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increase in absolute amount of X (e.g. phosphorus O — P, K — PK, 
Ca — PCa, KCa — PKCa; potassium P— PK, PCa — PKCa). Where 
there is no effect on yield, the increase in absolute amount is naturally 
proportionate (e.g. potassium O — K, and as border line cases 
PCa — PKCa, Ca — KCa; calcium P — PCa). Where the addition of 
nutrient X actually decreases yield, the absolute amount of X may 
change only slightly (e.g. potassium Ca — KCa; calcium O — Ca, 
PK — PKCa) or it may be actually depressed (e.g. calcium K — KCa). 

(2) Where addition of nutrient X may have a variety of effects 
on the relative and absolute amounts of nutrient Y. Where growth is 
increased by X there is a tendency for the relative amount of Y to be 
decreased. This is doubtless a partial explanation of the effects of 
phosphorus on the relative amounts of potassium, calcium, magnesium, 
sulphur, and soluble ash. The effect on potassium, however, is com- 
plicated by the fact that phosphorus was applied as NagHPO^ — the 
interaction diagrams for relative amounts of potassium and sodium 
are almost exact mirror images — and high sodium in the medium has 
depressed the intake of potassium. 

The effect of Ca on relative amount of magnesium is striking. 
(In this instance growth is decreased by X and the relative amount 
of Y increased.) A similar example of positive correlation between 
calcium and magnesium percentages has been reported for lucerne 
(Hunter et ah, 1943). 

The effect of P on total nitrogen content is also of interest. In the 
absence of Ca, P resulted in an increase in relative amount of nitrogen, 
which is in keeping with other work on legumes (e.g. Teakle, 1945). 
However, the fact that the Relative amount of nitrogen was decreased 
with P in the presence of Ca is suggestive of toxic effects of the latter. 

Since this paper is primarily concerned with potassium nutrition, 
it is advisable to emphasize the importance of the decrease in relative 
content of potassium when phosphorus is applied (both in the presence 
and absence of Ca). In the absence of K the increased yields with P 
caused a slightly greater absolute amount of potassium in the tops. 

Experiment 2. 

(a) Total Dry Weight of Tops, — ^In this and the following section 
a logarithmic transformation has been used wherever the data are 
treated statistically. 

(1) Subterranean clover, — Highly significant treatment effects were 
obtained for P, K, W, PK, and PW. A summary of the data is given 
in Table 4. 

The significant depressing effect of the associated grass on the yield 
of clover was, of course, to be expected. Of some interest also is the 
P X W interaction. Examination of the data will show that the mean 
relative decrease in yield due to Wimmera ryegrass was significantly 
higher at PO than at PI and P2. Taken in conjunction with the evidence 
on Wimmera ryegrass in Table 5, this probably reflects a differential 
species response to phosphorus, the clover responding more mark^ly 
than Wimmera ryegras®. 
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Table 4. — Mean Dry Weights (g./pot) of Subterranean Clover, as 
Affected by Supply of Phosphorus and Potassium and 
Associated Growth of Wimmera Ryegrass. 

Without Wimmera (WO). 


— 

PO 

PI. 

P2 

Mean 

KO 

1*207 (2*0818) 

2*631 (2*4202) 

2*642 (2*4062) 

2*006 (2*3024) 

K1 

1*416 (2*1610) 

3*314 (2*6204) 

3*286 (2*6166) 

2*489 (2-3960) 

K2 

1*386 (2*1412) 

3*399 (2*6314) 

3*391 (2*6304) 

2*618 (2*4010) 

Mean 

1*332 (2*1247) 

3*096 (2*4907) 

3*049 (2*4841) 

2*326 (2*3666) 


With Wimmera (Wl). 


— 

PO 

PI 

P2 

Mean 

KO 

0*517 (1*7138) 

1-336 (2*1256) 

1*172 (2*0690) 

0*932 (1*9696) 

K1 

0*611 (1*7084) 

1-676 (2*2240) 

1*689 (2*2010) 

1*108 (2*0446) 

K2 

0*472 (1*6740) 

1-792 (2-2632) 

1-716 (2*2342) 

1*132 (2*0638) 

Mean 

0*600 (1*6987) 

1-688 (2*2009) 

1-472 (2-1681) 

1-063 (2-0226) 


Average WO and Wl. 


— 

PO 

PI 

P2 

M(-an 

KO 

0*790 (1*8978) 

1-875 (2-2729) 

1-726 (2-2371) 

1-368 (2-1359) 

K1 

0*850 (1-9297) 

2*356 (2*3722) 

2-284 (2-3688) 

1-661 (2-2202) 

K2 

0*808 (1*9076) 

2-468 (2*3923) 

2-412 (2-3823) 

1-689 (2-2274) 

Mean 

0-816 (1*9117) 

2*217 (2*3458) 

2-118 (2-3261) 

1-565 (2-1946) 


standard errors mean of 5 — (0 0229) 

10— (0 0102) 

15— (0 0152) 

50— (0 0093) 

Note — The non-braoketed figures are geometric means of the original oiiservations Figures 
in parentheses are mean log x 10> 

I. 

As in Experiment 1 the response to phosphorus was highly sig- 
nificant. However, at the P2 level, yields were slightly, though sig- 
nificantly, less than at PI. 

The P X K interaction is exhibited more clearly in this trial than 
in the first. In the absence of phosphorus no beneficial effects of any 
magnitude followed on the application of potassium. In its presence 
yields were increased significantly over and above those obtained with 
phosphorus only. Averaging PI with P2 and K1 with K2, the actual 
and relative mean yields were — 

Control. P only. K only. P -f- K. 

0-865 1-920 0-942 2-531 

100 222 109 293 

Bearing: in mind the greater variability in the first trial, and also 
differences in strain and time of harvest, the relative yields for each 
experiment are in close agreement. 
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(2) Wimmera ryegrciss . — Mean values are given in Table 5. The 
trends are obviously similar to the trends of subterranean clover yields. 
The interaction component is significant in the 2 x 2 table formed by 
KOPO, and the means obtained by grouping K1 with K2 and PI with 
P2. With increased amounts of P at all levels of K there is an increased 
yield. On the other hand there is a significant response to K only 
in the presence of PI and P2. 

Table 5. — ^Mean Dry Weight (g./pot) of Wimmera Ryegrass as 
Affected by Phosphorus and Potassium Supply. 


Mean 


KO 0-720 (1-8502) 

K1 0-773 (I-SS82) 

K2 0-705 (1-8484) 

0- 905 (1-9568) 

1- 212 (2-0832) 
j 1-275 (2-1064) 

1 1 

1 1-085 (2*0354) 

, l*s04 (2-1472) 

1 1-335 (2-1252) 

0- 800 (1-9495) 

1- 095 (2-0396) 
1-063 (2-0263) 

Men 0-731 (1-8042) 

1-118 (2*048,5) 

1*267 (2*1026) 1 1-012 (2-0061) 


Standard < rrors mtan ot ">—(0 0^0) 
1 ) (0 OlMl) 

\oU hjtUKs in j)ui< iitheses in lojj \ 10* a** iii labli + 


(b) Changes in Leaf Area of Subterranean Clover . — Since a large 
number of pots are required for the determination of changes in dry 
weight with time, especially for a large number of treatments, it was 
decided to use leaf areas as indices of ontogenetic change. Total 
leaf area on any given occasion is an index of the capacity of the plant 
to produce dry matter in the immediate future. In early stages of 
growth, however, there tends to be a strong correlation between leaf 
area and total yield, though this may not be relied upon to the extent 
of using the former as a strict index of the latter. In any case, leaf 
area data are of considerable value on their own account. 

In the present trial measurements were made on three occasions. 
Results are shown in Fig. 1. 

On the first occasion, 41 days after germination, the P treatments 
only showed highly significant differences; both PI and P2 were greater 
than PO, the increase being of the order of threefold. The main effect 
of P therefore took place prior to this occasion. 

At day 57 this increase with P was almost identical in magnitude, 
whilst the associative effect of Wimmera ryegrass had now produced 
a highly significant depression in leaf area. 

The P and W responses were still predominant at day 87, but highly 
significant effects due to potassium and its interaction with P and W 
(both singly and together) had »now become obvious. It should be 
mentioned that at day 57 a barely significant P x W interaction was 
detected, the decrease in leaf area with Wimmera present being greater 
at P2 than at PO. The day 87 figures indicate that this was influenced 
largely by the relatively great difference at KO. 

Stated in another way, the response to potassium with phosphorus 
present was relatively greater when the clover was grown in association 
with Wimmera ryegrass. 



LEAF AREA IN SQ CMS (GEOMETRIC 


386 


This second order interaction appears to be due entirely to an 
effect on leaf area, as such. Analysis of the data for total number of 
leaves at day 87 showed no effect of either K or P x K, although a 
significant increase and decrease to P and W respectively. Premature 
senescence of the older leaves accounted for the lack of increase in 
total leaf areas between and fg in PlWl and P2W1; the fact that 
the P X K X W interaction for total dry matter was not significant may 
be at least partially accounted for, then, in terms of higher leaf dry 
weight to area ratios in the treatments mentioned. 



Fig. 1. — Showing the effect of potash, phosphorus, and presence and absence 
of Wimmera ryegrass on the changes in total leaf area of subterranean 
clover. 


Relative leaf-grov/th rates were calculated using the 

Rl^ = where = leaf area in sq. 

t2 — h «. 
t = time in days. 


equation 
cm., and 


Table 6. — Relative Leaf Growth Rates (sq.cm./sq.cm./day) of 
Subterranean Clover^ as Affected by Phosphorus and 
Potassium Supply, and also Associated Growth op Wimmera 
Ryegrass. 



Ofoasion 1 2 

Occasion 2-3. 

KO 

Kl 

K2 

KO 

Kl. 

K2. 

POWO 

0-J04 

0*107 

0*098 

0*028 

0*027 

0*030 

POWl 

0*081 

0*088 

0*089 

0*017 

0*018 

0*014 

PIWO 

0*106 

0*107 

0*106 

0*016 

0*020 

0*018 

PIWI 

0*082 

0*086 

0*082 

0*001 

0*016 

0*016 

P2W0 

0*106 

0*114 

0*108 

0*014 

0*017 

0*023 

P2W1 

0*076 

0*086 

0*092 

0*002 

0*116 

0*014 
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Relative leaf growth rates were ever 3 rwhere depressed by Wimmera 
ryegrass, the depression being relatively greater between and t^: 
the latter would be in keeping with progressive competition between 
grass and clover. 

The effects of both phosphorus and potassium were only slight 
between and t^. Between and tg, however, there was a fairly 
consistent decrease in relative leaf growth rate from PO to P2; in 
the presence of Wimmera ryegrass this was extremely pronounced 
at KO, yet inappreciable at K2. Although the PlKOWl and P2K0W1 
figures were determined primarily by premature leaf sensecence, the 
general effects of the phosphorus treatments is not so readily under- 
stood. No satisfactory explanation can be put forward. 

4. Discussion 

The first point arising from the data has to do with the depressing 
effect of high CaSO^ levels on growth. Although it is conceivable that 
the high relative amount of calcium may have reduced phosphorus 
uptake as suggested by the work of Shih (see Richards, 1941), a more 
likely explanation is that toxic effects were produced. It will be noted 
(vide Table 2) that the total sulphur content in the CaSO^ treatments 
was of the order of 0*8 per cent, (on a dry matter basis). Since the 
actual sulphate sulphur constituted almost 80 per cent, of this amount, 
it may well be that the plants were adversely affected by toxicity of 
the SO 4 ion. Eaton (1942) has shown that such toxic effects may 
depress growth gradually without any obvious external symptoms*. 
There is one further possibility, viz., that soil pH was reduced suffi- 
ciently to affect plant growth. Supporting data are scanty: it has 
been shown that CaSO^ at the rate of 30 cwt. per acre, in the absence 
of phosphorus, will reduce the pH of Crawley sand from 6*2 to 5-3. 

That a P x K yield interaction occurs with subterranean clover on 
the soil herein studied appears reasonably well established; indeed, 
further evidence on this point will be presented in Part 2 of this paper. 
No such interaction was present in the leaf-area data of experiment 
2 up to approximately 60 days from germination, so that potassium 
supply presumably was not limiting during early growth. 

Now the exchangeable K in the Crawley sand is of the magnitude 
of 0*06 m.e. per 100 g., so that the total exchangeable K per pot for 
experiments 1 and 2 was 316 mg. and 35 mg. respectively. For the 
former trial the quantity of exchangeable soil potassium should have 
been more than adequate to account for the absolute potassium content 
of the highest yielding treatment (PK), and in the second trial, almost 
adequate. The following tentative explanation is therefore put forward. 
During the first few weeks, when the growth rate was low, the rate 
of supply of exchangeable K from the soil was adequate for normal 
metabolic functions, even where P was not limiting. At a later stage, 
when the growth rate was relatively higher on all treatments, the 
rate of supply of soil K became limiting with high P but not with 
low P. Of ffie two nutrients, P was more deficient in the soil than K. 

♦ It is of interest to calculate the relative SO* content of lucerne — ^the 
only legume studied — in relation to yield depressions. With a 28 per cent, 
reduction (on the first cut) the SO 4 content weis of the order of 1*2 g./lOO g. 
dry matter. This figure was exceeded in experiment 1. 
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The position with respect to Wimmera ryegrass is less precise. 
In the second experiment reported no significant P x K interaction 
was detected.* This, of course, may have been infiuenced by the asso- 
ciated effect of the legume, yet the likelihood of a difference in pattern 
of reaction in the case of grasses is suggested by a pot-culture experi- 
ment carried out in conjunction with experiment 1. Perennial veldt 
grass (Ehrharta calycina Sm.) was subjected to the following treat- 
ments: — N, P, K, and Ca in a 2* factorial design. The only significant 
effects on total yield were N, P, and the N x P interaction. Chemical 
data suggest that the grass is capable of tolerating a lower relative 
amount of potassium than subterranean clover without serious detri- 
ment to growth; the mean potassium content of the N~No K plants 
at the flowering stage was 0*71 per cent. Nevertheless, P x K inter- 
actions may occur in grass species, as the work of Verma (quoted by 
Gregpry, 1937) has clearly demonstrated. 

A description of the potassium deficiency symptoms observed in 
the experiments is not intended, since a section of the second part of 
this paper will be devoted to a comprehensive account of this aspect 
of the problem. 
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The Effect of Potassium on the Growth of Subterranean 
Clover and Other Pasture Plants on Crawley Sand 

2.— Field-plot Experiments 

By R, C. Rossiter, B.ScXAgric.) * 

Summary, 

1. The results of field-plot trials, with potash fertilizers, are presented 
and discussed, and deficiency symptoms in subterranean clover are described 
in detail. 

2. Of the species examined, only one — subterranean clover — showed 
clearly defined responses to potassium. Wimmera ryegrass responses were 
small and of doubtful significance, whilst the W.A. lupin, perennial veldt 
grass, and capeweed, showed either no increase in yield or a slight depression 
through inter-specific competition with the clover. 

3. Seed production in subterranean clover was adversely affected by low 
potassium supply. 

4. Potassium-deficient leaves of subterranean clover showed a high 
relative content of sodium, but no excessive concentration of calcium, despite 
the high exchangeable Ca status of the soil type studied 

I. Introduction 

Evidence from pot trials has been presented of increased yields 
of subterranean clover (Trifolium suhterraneum L.) with potassium, 
in the presence of phosphate on Crawley sand (Rossiter and Kipps, 
1947). Furthermore, the association of an annual grass Wimmera rye- 
grass (Lolium rigidum Gaudf) did not materially affect the magnitude 
of this response, although deficiency symptoms in the legume appeared 
earlier. 

The range of plant species is rather wider in the present trials — 
a point of obvious importance — ^yet it should be borne in mind that 
inter-specific competitive effects may have masked real potassium 
effects on the species. The point is of rather academic interest, since 
under field conditions subterranean clover almost without exception 
is the basic constituent of sown pastures in the south-west of Western 
Australia. 

The potassium deficiency symptoms are described fully with the 
belief that they will enable recognition of potassium deficiency in 
subterranean clover elsewhere in southern Australia. 

2. Preliminary Trial 

fi) General, 

Descriptions of experimental procedure for each individual trial 
would occupy undue. space, and general methods can, in any case, be 
inferred from the detailed information of the main trial (see below). 
All trials were carried out in small plots whose dimensions varied 
from 10 links by 10 links up to 30 links by 15 links, each trial being 
limited to a very small acreage. To determine seed yield in sub- 
terranean clover, duplicate square link soil samples were taken from 
each plot to a depth of 3 in., the material sieved, and burr formed 


*An officer of the Division of Plant Industry. 
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during the current season carefully separated from the residue. Seed 
yields were calculated from the regression equation of seed weight on 
burr weight. Although it is recognized that the sampling ratio was 
extremely small, significant differences were found in a number 
of cases. 

Experiment 1 was carried out in 1941 and had as its primary 
objective the study of the effects of potassium, copper, and chromium, 
in a 2 X 2 X 2 factorial design, on the incidence of a disease in the 
W.A. lupin (Lupinus pilosm Murr. var. Cosentim Guss.). Towards 
the end of the growing season, treatment effects were observed in the 
volunteer pasture of Dwalganup subterranean clover/Wimmera rye- 
grass which established beneath the lupin crop. The pasture was 
therefore harvested for yield determinations. 

In Experiment 2, conducted in 1942, the effect of varying levels 
of potassium was studied on a mixed Dwalganup subterranean 
clover/Wimmera ryegrass pasture established in 1940 and top- 
dressed in 1940 and 1941 with superphosphate only. In contrast to 
the first trial, fertilizers were applied without early surface cultiva- 
tions and in consequence effective germination occurred earlier. 

After analysis of the results of Experiments 1 and 2, it was decided 
that two further trials should be conducted on the same sites, but 
with reversed pre-fertilizer treatment. Experiment 3 occupied the 
original site of Experiment 1, with the differences (a) that a new set 
of potassium treatments was allotted at random to the previous Cu 
and Cr treatments (to which no yield responses were observed in 
1941), and (b) that no soil cultivation treatments were imposed. The 
trial was conducted in 1944, having remained open to uniform 
continuous grazing during 1943. 

Experiment 4 was carried out on the site previously occupied by 
Experiment 2, and in the same year as the third trial, viz., 1944. 
It differed, again, in two respects from Experiment 2: (a) a new set 
of potassium treatments was applied to all plots by making use of 
the split-plot technique, and (b) the whole experimental area was 
rigorously cultivated prior to application of the potash fertilizers. 

In each of the four trials superphosphate was applied at the rate 
of 2 cwt. per acre as a uniform basal dressing. 

(ii) Results. 

(a) Herbage Dry Weight Yields . — In Experiment 1 no differences 
resulting from the application of either copper or chromium were 
significant. Potassium, however, produced a highly significant response 
in the case of subterranean clover, whilst with Wimmera ryegrass the 
increase in yield was barely significant at the 5 per cent, level (see 
Table 1). The yields of lupins and miscellaneous species were sig- 
nificantly depressed, presumably by competitive effects of the clover. 

The relative magnitude of the response of subterranean clover 
was much the same in Experiments 1 and 3 in spite of the high yields 
of miscellaneous species in the latter. 

The , response of Wimmera ryegrass, though consistent in each 
experiment, was not significant even at the 5 per cent, level in Experi- 
ment 3. Miscellaneous species — chiefly capeweed — showed an insig- 
nificant reduction in yield with potassium in the third trial. Expressed 
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as a percentage of total yield, however, capeweed was diminished from 
53 per cent, to 41 per cent, by potassium, this reduction being signifi- 
cant at the 1 per cent, level. 


Table 1. — Mean Yields of Dry Matter (cwt./acre). 
{K = KCl at 1 cwt,/acre,) 


Species Group 

Experiment 1 (1941) 

Experiment 3 (1944) 

No K 

K 

S E 

No K 

K 

SE 

Subterranoan clover . . 

16 02 

26-35 

1115 

6-33 

9-70 I 

0-649 

Wimmera ryegrass 

1*27 

2-01 

0-177 

3-22 

3-83 1 

0 417 

Miscellaneous species* 

2-45 

1-13 

0-216 

13-35 

11-37 

0-923 

Lupins 

82-18 

69-88 

2-644 




Total, minus Lupins 

18-74 

28-49 

M51 

1 

22-90 

24-92 

1 0-857 


* MiscellaneouB species in 1941 — Tnfohum procumbem L , Tumca proltfera L , Briza maxima L 
In 1944 — Cryji€ottenima calendulaceum (L ) R Br , Vulpia Myvros L , Ehrharta longiflora Sm 


In Experiment 2 no significant responses to potassium were 
detected, the mean yields for subterranean clover and Wimmera rye- 
grass being 9*6 ±: 1*48 cwt. per acre and 11-8 zb 1*71 cwt. per acre 
respectively. 

Analysis of the split-plot latin square design of Experiment 4 
revealed highly significant main plot differences for ‘‘ columns, and 
also a barely significant increase in yield of subterranean clover due 
to potassium applied to the sub-plots in 1944. The relative responses 
of the clover to the fertilizer in the several “ columns were as 
follows: — 

A B _ C D E 

+ 41% + 25% + 5“% -5% 

This soil fertility trend was not apparent in the 1942 data, and it is 
possible that the cultivation treatments of 1944 influenced the nature 
of the responses to potassium. In any case, it may be noted that the 
magnitude of the response in “ column ” A is comparable with those 
of Experiments 1 and 3. 


( b) Seed Yields of Subterranean Clover, -Analysis of data obtained 
from Experiment 3 indicated a highly significant effect of potassium 
on seed production. The relevant yields (together with total tops) 
were- — 


1 No h 

K 


1 

j (\\t ''adt 

1 ( w t /ai 1 0 

Seed 

2-87 1 

3-96 

Herbage . . 

6 -33 

0-70 


The relative increase in seed yield was therefore not as pronounced 
as that in herbage. Whether this difference was real is not known, 
but the errors in sampling technique for seed production may con- 
ceivably account for part of the discrepancy. In this regard it may be 
pointed out that seed yields, even in the presence of potassium, were 
low: figures of the order of 10 cwt. per acre are not infrequently 
obtained on Crawley sand with this clover. 
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A more comprehensive analysis of the effects of acute potassium 
^ficiency on clover seed is shown in Table 2. This information was 
collected from a separate experiment, not previously considered. 


Table 2. — ^The Effect of Extreme Potassium Deficiency on Seed 
AND Burr Characters in Dwalganup Subterranean Clover. 


V ariate 

Mo K 

K 

No. burrs per sq. link 

40*3 

221-2 

Total burr wgt. — g /sq link 

1*3 

13-6 

Wgt. per burr — mg 

32 

68 

fcjeed yield — cwt /a( re 

1*2 

12-1 

Wgt. per seed — mg 

5*2 

8-5 

No. seeds per bun 

2-8 

3^5 

Ratio seed wgt to burr wgt 

(►•46 

0-45 


The striking decrease in seed yield on the No K plot can be accounted 
for largely by the smaller number of burrs produced. Although the 
mean weight per burr under potassium deficiency was approximately 
one-half that of the plants on the manured plot, the ratio of seed weight 
to burr weight was almost unaffected by potassium supply. The 
constancy of the ratio is determined by the smaller weight per seed 
and the lower number of seeds per burr under potassium-deficient 
conditions. (Confirmation of the reduction in weight per seed was 
obtained from Experiment 3 where K and No K values were 6-6 mg. 
and 5-0 mg. respectively.) 

3. Main Trial 

(i) Procedure, 

The site was cleared from virgin forest in 1943 and twice cultivated 
after the opening autumn rains of 1944 to provide a satisfactory 
seed-bed. The experiment area was pegged out on May 10, 1944, 
and comprised 90 plots each 10 links square. A seeds mixture of 
Dwalganup subterranean clover and perennial veldt grass (Ehrharta 
calyctna Sm.) at the rates of 12 lb. per acre and 4 lb. per acre respec- 
tively was sown uniformly over the area, using sawdust as a matrix 
to provide adequate bulk and even distribution. A shallow soil 
covering was ensured by hand raking. 

Seedling emergence was hrst observed on May 23. 

Eighteen treatments were distributed in a factorial randomized 
block design with five replications, the treatment scheme being as 
follows: — 


Po'] 

PI V3 

KOI 

X Ki V; 

1 X 

’ MI/- 

P2 J 

K2 J 

PI 


2 owt./acre superphosphate 

P2 

, 

4 owt./acre superphosphate. 

. 1 owt./acre KCl. 

K1 

. . 

K2 


. 2 owt./acre KCl. 
fl6 Ib./acre MgS 04 . 

Ml 

« . . 

6 Ib./acre CaS 04 . 

4 


L 6 Ib./acre ZnSOi. 


All fertilizer treatments were applied on June 30, 1944, the manures 
being mixed' previously with yellow subsoil sand to provide uniform 
distribution. 
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Since the growth of clover was poorer than expected at the con- 
clusion of the first season, yield estimations were made by eye on 
a 0-10 rating basis. 

No fertilizers were applied in 1945. The plots were sampled at 
the end of this season with a hand-operated shearing machine, using 
a 25 sq. link sample per plot. Harvested material was air-dried and 
stored prior to hand separation for estimation of botanical composition 
and yield of components. Dry weights were obtained by the usual 
method of oven-drying at 95 °C. for 24 hours. 

(ii) Results, 

(a) — No differences of any consequence appeared until ten 

weeks after germination (July 28), when phosphate effects were easily 
distinguished. After a further four weeks (viz., at the end of August) 
differences due to potassium were noted in the growth of subterranean 
clover, which by this time had reached the flowering stage. All 
treatment effects became progressively marked throughout September, 
and estimated productivity was determined at the end of this month. 

Neither perennial veldt grass nor miscellaneous species — chiefiy 
Tunica prolifera (L) Scop., Briza maxima L., and Hypochaeris glabra 
L. — showed any response to fertilizer treatments; the data for Dwal- 
ganup subterranean clover only are presented in Table 3 below. 


Table 3. — Mean Productivity Ratings — Dwalganup Subterranean 
Clover — September 30, 1944. 



PO 

PI 

P2 

Mean 

KO 

0 -so 

2 -at 

2*55 

1-98 

KJ 

0 

1 7-30 

8*70 

5-52 

k:2 

0 *55 

t 7-70 

9*00 

5-75 

Moan 

0-53 

5*97 

i 

b*75 

4*42 


b L main effects — 0 200b 

Treatment vari8uices were relatively constant, and the analysis was 
performed on the original data. Since the mixed fertilizer treatment 
produced extremely small and insignificant effects, the summary table 
relates only to phosphorus and potassium, in which main effects and 
P X K interaction were all highly significant. This latter finding is in 
substantial agreement with results previously reported (Rossiter and 
ICipps, 1947) using the pot-culture technique. Superphosphate alone 
increased yields from five- to six-fold, whilst potassium, in addition 
to superphosphate, produced an ^increase in yield of the order of three- 
fold compared with the P-No K treatments. Obviously in this trial 
the area selected was acutely deficient in potassium (cf. data of 
Table 1). 

Mention should be made of occasional localized effects within plots. 
A number of instances were noted on portions of P and PM plots where 
the production of clover was abnormally high and the plants without 
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symptoms of potassium deficiency. Such areas were associated with 
old tree stump sites and have been frequently observed on Crawley 
sand. Anderson (1942) has reported somewhat similar effects from 
wood-ashes in the Meadows district of South Australia, which were 
attributed to molybdenum. In the present instance unpublished data 
suggest that the effect is due almost solely to potassium contained in 
the wood-ash. 

(b) 1945 . — Shortly after germination (May 1) of the subterranean 
clover in the second year, it was observed that the legume was almost 
absent on the No P plots, and that seedling density on the P-No K plots 
was very much lower than where both fertilizers had been applied in 
1944. The former discrepancy in seedling establishment explains the 
extreme difference in yield between No P and P-No K treatments (see 
Table 4) ; the second is in keeping with the results shown in Table 2. 

Differences between P and PK treatments were clearly obvious in 
the clover at the commencement of flowering — early August — and, as 
in 1944, became progressively greater thereafter. 

Table 4. — Mean Yields of Dry Matter (cwt./acre) — October 14, 

1945. 


{Average of M and No M treatments.) 


Treatment 

subterranean 

Fercnmal 

Mis(f llanoous 


Clover 

\eldt OrahS 

S|M*( les 


0 

trace 

3*18 

0*67 

3*85 

PI 

2-()2 

8-20 

0-53 

11-41 

P2 

2*11 

8 -58 

0-72 

11-41 

K1 

trace 

2 *58 

0 *93 

3-51 

K2 

()*()7 

2-70 

0-90 

3-67 

PlKl 

5*9;^ 

7-87 

0-33 

14-13 

P1K2 

6 •55 

7 -25 1 

0-30 

14-10 

P2K1 

10-81 

8-16 

0-28 

19-25 

P2K2 

12 -02 

8-82 1 

0-37 

1 

21-21 


The beneficial effects of phosphate on perennial veldt grass were 
shown throughout the growing season. In the previous paper (Rossiter 
and Kipps, 1947) it was stated that a highly significant N x P inter- 
action occurred with this grass in a pot-culture experiment; in actual 
fact there was practically no response to phosphorus in the absence 
cf applied nitrogen, yet in its presence the yield was increased by 
approximately 30 per cent. Since there is adequate observational 
evidence that even a single year's growth of subterranean clover 
increased markedly the yield of non-leguminous pasture species in this 
State, the differential response of Ehrharta calycina to phosphate in 
the two seasons 1944 and 1945 of the present trial may conceivably 
be accounted for by an increased soil N status following on the growth 
of clover in the first season (1944). Furthermore, the absence of any 
response to potassium in either year of this main experiment confirms 
evidence from the pot-culture trial already referred to. 

Low yields for the miscellaneous species group with the PK treat- 
ments refiect' competition from the perennial grass and clover. 
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The three botanical separation groups already considered are 
explanatory of the total ” column of Table 4. One point of interest 
may be mentioned briefly: with superphosphate alone the clover con- 
tributed only 20 per cent, of the total yield, whereas with phosphate 
plus potassium — more particularly the higher level of the former 
fertilizer — the figure was increased to approximately 50 per cent. 

During the 1945 season, treatment replicates were more variable 
than usual with trials on Crawley sand — a fact which may have been 
due, in no small degree, to a combination of two factors: (a) small plot 
size, and (b) recency of clearing. In any case the original data were 
transformed for purposes of statistical analysis. 

Table 5. — The Interaction Effect of Superphosphate and Potas- 
sium ON Dwalganup Subterranean Clover and Perennial 
Veldt Grass — 1945. 

r Clover = log ((log x + 1) -f 1). 

Variate — < __ , 

[ Veldt grass = 


Subterranean Clover. 


— 

PO 

PI 

P2 

Mean 

KO 


0-3536 

0-3118 

0-2218 

K1 


0 -4546 

0-4992 

0-3179 

K2 

0-0310 

0-4616 

0*5022 

0-3316 

Mean 

0-0103 

0-4233 

0-4377 

0-2905 


S.E. mam effects — 0'()124. 
Body of table — 0'0215. 


Perennial Veldt Grass. 


— 

] 

PO 

PI 

P2 

Mean. 

KO 

6-070 

10-087 

10-193 

8-783 

K1 

5-380 

9*917 

10-059 

8-452 

K2 

5-612 

9-187 

10-454 

8-418 

Mean 

5-687 

9-730 

10-235 

8 -551 


S.E. mam effects — ()*321. 
Body ot tabie~-0-5r)6. 


Analysis of variance for each set of data demonstrated that the 
mixed fertilizer produced no significant effects, thus confirming the 
1945 observational evidence and also the 1944 -results ; they are not 
shown separately in either Table 4 or 5. 

For subterranean clover, the main effects for both P and K were 
significant at the 1 per cent, level, and the P x K interaction significant 
at the 5 per cent, level. Despite the fact that the increase in yield 
from PI to P2 in the presence of K was not significant on the trans- 
formed data, it is difficult to conceive that the increase was not actually 
a real one. 
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Similarly with Ehrharta calycina there was a consistent increase 
from PI to P2, which did not reach significance in the analysis of 
variance. Moreover, the depression in yield with K1 is suggestive of 
a real competition effect from the clover, even though the effect could 
not be substantiated by statistical analysis. However, there is no 
question of the significance of the previously mentioned increase in 
yield of perennial veldt grass to phosphate. 

4. Diagnosis of Potassium Deficiency in Subterranean Clover 

(i) Description of Deficiency Symptoms, 

The following details apply specifically to the Dwalganup strain; 
Mt. Barker has been examined only cursorily, but appears to follow 
similar lines. 

Where the deficiency is not acute, external symptoms are rarely 
exhibited until shortly before the flowering stage; in the case of mild 
or incipient deficiency, symptoms may be delayed almost until maturity. 
The first sign of deficiency is a slight bronzing of the upper portion 
of the older leaflets, i.e., above the crescent. Very shortly after- 
wards — sometimes coincidently — reddish-brown spots appear on the 
leaf surface; these are aptly described as “stained’’ areas, and are 
frequently 1 mm. to 3 mm. in diameter. Closer inspection of these 
areas usually reveals the presence of a central area of surface “ pitting ” 
which seldom becomes extensive. Gradually, the leaf surface becomes 
chlorotic, particularly above the crescent, and marginal necrosis or 
“ die-back ’’ follows. 

Plants exhibiting mild deficiency symptoms appear almost normal 
in a number of respects, viz., leaf area, tillering, and growth rate. In 
this they resemble potassium deficiency as described by Richards and 
Templeman (1936) in the barley plant. Reduction in dry weight then, 
according to these authors, depends on — 

(1) reduction in leaf area — by early death of leaves; and 

(2) much reduced photosynthetic activity of living leaves. 

Decreases in total dry weight not infrequently may be exceedingly 
diflflcult to demonstrate in subterranean clover, especially where 
symptoms are of the incipient type and consequently tardy in 
development. 

Where potassium deficiency is acute, symptoms differ in a number 
of respects from those described above. Symptoms may be observed 
as early as six weeks after germination — very rarely before this time; 
they commence with an ashy-grey to reddish-brown “ pitting ’’ on 
the surface of the older leaflets, the “ pitted ’’ areas measuring from 
0*5 to 1 mm. in diameter. The necrotic tissue so produced conforms 
closely in anatomical characters to that described for red clover 
(Lindenbein, 1936). The leaves in which “pitting’’ occurs may be 
normal in colour, or even a slightly darker green than normal, but 
quickly develop a mild yellowish-green chlorosis. 

The most striking character of acute deficiency appears in the 
youngest leaves developed very shortly after the above-mentioned 
symptoms Jiave become well-defined. No obvious reduction in leaf-area 
is noticed in the older affected leaves, yet these young leaves are greatly 
reduced in size. Moreover, they are dark green in colour, possess a 
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puckered surface, and may show a mild mosaic-like chlorosis. There 
can be no doubt that a drastic physiological derangement takes place 
at this stage. The number of small dark-green leaves continues to 
increase, and at the same time the older affected leaves develop marginal 
necrosis and quickly senesce while leaves of only slightly younger age 
develop “ pitting ” and mild chlorosis. 

Normal tiller elongation does not take place, and consequently 
the plant develops a rosette-like habit. At flowering, many of the 
older leaves have died, and the small dark-green leaves are particularly 
conspicuous. They occur for the most part on extremely short tillers 
close to the central axis of the plant; some, however, are found on 
moderately elongated tillers but are confined to the mid-region, leaves 
at both the base and tip of the tiller being much less reduced in size 
and almost normal in colour. Eventually, the small leaves show some 
pitting and develop marginal necrosis, but the retrogressive changes 
take place at a much slower rate than in the larger leaves. 

Reduction in plant dry weight is, of course, more obvious in acute 
deficiency and includes, in addition to the two causes mentioned by 
Richards and Templeman (loc. cit.), the effect of reduced size of 
individual leaves. Not infrequently affected plants may die outright 
long before those normally fertilized with potassium. Almost in- 
variably they are extremely stunted and produce only small seed 
yields. 

(ii) Mineral Status of Deficient Herbage, 

From evidence presented in the first part of this paper (loc. cit.) 
the relative amount of potassium in the tops of deficient plants was of 
the order of 0*7 per cent. A summary of results for leaf, and leaf -j- 
petiole samples collected in the field is given in Table 6. It will be 
noted that, even in the absence of external symptoms, potassium con- 
centrations are not high: healthy leaves (and leaves -f petioles) 
contain approximately 0-9 per cent. K. Furthermore, from other 
studies on Crawley sand, application of potash fertilizer seldom raises 
the level of potassium much beyond 1-5 per cent, during the month 
samples have usually been collected, viz., September. 


Table 6. — Relative Amount of Potassium (per cent. Dry Weight) 
IN Selected Samples op Dwalganup Subterranean Clover. 


Date Collected 

Description 

Percentage K 

Sept. 15, 1943 

(a) Healthy 

0*93 

(leaf + petiole) 

{b) Leaves showing chlorosia and marginal 



neciosis 

0-56 

Sept. 28, 1944 

(a) Healthy 

0-93 

(leaf only) 

(6) Symptoms identical with 1943 (6) ^ . 

0-38 

Pept. 19, 1945 

(a) Healthy 

0-88 

(loaf only) 

(6) Loaves showing slight bronzing and small 
reddish-brown stained areas (mild 



deficiency) 

(c) Leaves very small, mostly dark-green, but 
sometimes with mild chlorosis (acute 

0*44 


deficiency) . . 

0*36 
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In Dwalganup subterranean clover the stem fraction is some 30 
per cent, higher in potassium than the leaf (unpublished data), so 
that the relative amount in the tops will depend upon the nature of 
the analysed fraction. From the data available it seems that deficiency 
symptoms may be expected in Dwalganup subterranean clover when 
the potassium content of either leaf or leaf -(- petiole falls below 0*8 
per cent. It is of interest that this figure agrees substantially with 
those reported for deficiency in apples (Burrell and Cain, 1941), citrus 
(Chapman and Brown, 1943), grapevines (Herschler, 1936), and 
lucerne (Hunter et al,, 1943). 

Recently, Richards (1944) has stressed the relationship between 
diagnostic symptoms of potassium deficiency and the relative contents 
of other ions. He states, inter alia, that “ it is a characteristic of 
potassium deficiency that other elements accumulate in the cells,” and 
in reviewing evidence of other workers points out the importance of 
calcium and magnesium in this regard. His own work with barley 
clearly demonstrates the importance of sodium also, even in nutrient 
media high in calcium (Richards and Templeman, 1936). 

In the previous paper (loc. cit.) evidence was provided that the 
relative amount of sodium is higher in potassium deficient than in 
healthy plants, in a medium relatively low in calcium (see Table 2). 
Even when the supply of calcium is high, the relative amount of 
calcium in the plant is scarcely affected, while sodium shows a small 
increase. Magnesium does not appear to play an important role. 

Under field conditions, where phosphorus is applied as super- 
phosphate, no sodium is normally provided in the fertilizer. In view 
of the fact that calcium constitutes about 70 per cent, and magnesium 
25 per cent, of the exchangeable cations in the virgin soil, it is of 
particular interest that a number of analyses have shown no appre- 
ciable increase in the relative amounts of either calcium or magnesium 
in potassium deficient plant samples. The mineral content of the 1945 
sample of Table 6 was as follows: — 


— 

K 

Ca 

Mg 

Na 


o/ 

/o 

% 

0/ 

/o 

/o 

(a) 

0*88 

2-04 

0*4 

0-56 

(6) 

, 0*44 

2-69 

0*3 

0-97 

(c) 

0-36 * 

1-82 

1 

0*3 

1*23 


Variation in relative amount of calcium is here greater than usual 
and no explanation can be offered for the high (b) value. The sodium 
figures, however, show definite increase with decreasing levels of 
potassium, and are suggestive of a specific response to potassium 
deficiency in Dwalganup subterranean clover. 

5. Discussion 

The first factor examined by way of explanation of the differential 
response of subterranean clover to potassium in the years 1941 and 
1942 was rainfall. The Institute records (Table 7) showed that the 
total quantity of rain during the growing periods was not very different 
— 28 *5, in. in 1941 and 29*5 in. in 1942. An important feature of the 
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1941 season, however, was that almost 18 in. fell in the two months 
following germination, so that leaching of potassium was to be 
expected. 


Table 7. — Monthly Rainfall (in Inches) at Institute of 
Agriculture, Perth, 1941-1945. 


— 

1»41. 

1042 

1043 

1944 

1045. 

Januaiy 

0 -(><l 

(>•09 

0-95 

0-17 

0-05 

Febniaiy 

0-07 

0*08 

0-49 

(>•03 

0-07 

March 

0*22 

2-53 

l-Ol 

0- X 7 

0-59 

April . . 

3*27 

2-64 

2 -53 

1-39 

0-20 

May .. 

2-24 

5-92 

2-33 

5-10 

4-75 

June . . 

9-88 

9-56 

6-09 

3-82 

13-41 

July . . 

8*(»6 

4-13 

6-07 

5 -85 

5*06 

August 

3*98 

5 -08 

.5-89 

4-16 

9-26 

September 

4*18 

1 *45 

4-04 

2-59 

3-48 

October 

2-07 

2-41 

1-06 

0-58 

0-61 

November 

0-86 

(>•.30 

0-24 

1*56 

1-96 

December 

0-08 

1 -12 

0-00 

1-27 

0-91 

Total 

35 -09 

35-31 

30-70 

26-69 1 

40-34 


Results obtained from Experiment 1 (see Table 1) provide no 
positive evidence for the hypothesis that, in a high rainfall year, 
excessive leaching might eliminate differences between K and No K 
treatments. Admittedly, leaching may have taken place in the above 
trial, but the mean yield for the No K plots was moderately high — 
15 cwt. per acre of clover — and, in addition, no acute potassium 
deficiency symptoms were observed at any stage. Furthermore, the 
main trial extended over 1944 and 1945, two years of abnormally low 
and high rainfall respectively. Potassium responses were of the same 
order of magnitude in each season, and even though the second year 
results were partly dependent upon the first, the fact that rainfall 
was very high in the second season should, if the hypothesis were 
correct, have reduced the magnitude of the response to potassium. 
Already, evidence has been given which might account for the lack 
of response to potassium in Experiment 2. Leaching losses under field 
conditions at the Institute may, therefore, be rather less than expected 
on general grounds; Peech (1941), for instance, has stated that 
potassium is subject to rapid leaching in sandy soils, independent of pH 

One observation bearing directly on the above question should be 
mentioned. The author has noted the striking effect of soil culti- 
vation — more particularly, deep cultivation — on the incidence of 
potassium deficiency symptoms; invariably, these appear after 
cultivation, whilst adjacent non-cultivated areas remain almost free 
of symptoms. The reason is not knqwn, but it is suggested that 
cultivation leads to mineralization of organic matter with release of 
potassium, which is subsequently subject to considerable leaching 

I 

losses. In the equilibrium equations: non-exchangeable K 

II 

exchangeable K 5 =^ K in soil solution (Peech and Bradfield, 1943), 
loss of organic matter would enable n to proceed to the right aiid 
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also arrest I in the same direction. The possibility cannot be over- 
looked that the cultivation treatments in Experiment 4 may have 
been responsible for revealing differences due to potassium which 
were not evident in Experiment 2. 

A point of no small technical interest has to do with the develop- 
ment of symptoms in acute potassium deficiency of subterranean 
clover. In the older chlorotic leaves marginal scorching and premature 
senescence is undoubtedly associated with high succulence, although 
not a direct result of it. This succulence, also, is in all probability a 
consequence of low carbohydrate level, but the increase in relative 
amount of sodium may play some part as suggested by the work of 
Richards and Shih (1940). From work so far conducted at the 
Institute, it is clear that the ‘‘ first ” stage of potassium deficiency, as 
characterized by Wall (1939) for the tomato plant, viz., retardation 
of growth, hard type of plant, accompanied by chlorosis and mottling 
of the upper leaves and accumulation of carbohydrates, does not occur 
in subterranean clover. From Wall's tentative explanation (p. 153) it 
is possible that light intensity and winter temperatures at the Institute 
were not sufficiently low for this stage. 

The later stage of deficiency in subterranean clover wherein leaf- 
size is greatly reduced can scarcely be assigned to potassium per se, 
and is of interest in relation to nitrogen metabolism. Even though 
tillering rate and leaf number are not seriously affected by potassium 
deficiency in subterranean clover, this reduction in leaf-size is sug- 
gestive of a direct role of potassium in nitrogen metabolism as indicated 
by Wall (1940) and others. It is necessary to bear in mind that the 
absence of effect on rate of leaf production and tillering in the above 
instance may be directly related to a specific effect of high sodium 
concentrations (see Gregory, 1937). 

Of the plants so far studied — Dwalganup and Mt. Barker sub- 
terranean clover, W.A. blue lupin, Wimmera ryegrass, perennial veldt 
grass, and capeweed — only the clover has shown marked and significant 
responses to potassium. This is in general agreement with the state- 
ment of Baver (1943) that legumes respond more readily than grasses. 
The fact that lupins grew satisfactorily without potash fertilizer may 
have been due to a genetic characteristic: lupins apparently possess the 
ability to extract difficultly-available soil potassium (Rathsack and 
Laufer, 1936). 

In conclusion it is pertinent to remark that no data are available 
with respect to two important practical field problems: (a) the amounts 
of potassium required and residual effects, and (b) the extent of 
deficiency areas in the south-west of Western Australia. The first calls 
for further investigation, the intensity of which will depend to some 
degree on (b). At present there is a dearth of quantitative evidence 
on the effects of potassium deficiency on pasture plants in southern 
Australia generally. 
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Note on the HilscK Centrifugal Jet or “Maxwellian 

Demon ” 

By R. W. Muncey. B.E.E.* 

Summary. 

From the meagre details available, a small device, used during the war 
in Germany for replacing ammonia pre-cooling apparatus in a liquid-air 
machine, has been constructed, and its operation as a possible means of 
maintaining reduced temperatures in cold conditioning boxes investigated 
semi-quantitatively. Temperatures as low as 35 deg. C. below atmospheric 
have been obtained under a variety of conditions examined, and there appears 
little doubt of the possible efficacy of the device. 

During the war, R. Hilsch in Germany used a small device, since 
referred to as the Maxwellian Demon, to replace the usual ammonia 
pre-cooling apparatus in a liquid-air machine (1, 2). This device, 
illustrated in Figs. 1 and 2, consists of a T-shaped tubular structure 
with a spiral central cavity. The flow in one arm (the left in Figs. 1 
and 2) is controlled by a gate valve — ^and in the second arm (the 
right) is constricted by a small centrally-placed oriflce. When com- 
pressed gas is forced through the central leg of the T, the setting of 
the gate valve determines the relative proportions and temperatures 
flowing in the arms. With the valve fully opened, gas at the 
temperature of the input issues at the left and air is drawn in at 
the right. When the valve is slowly closed, a stage is reached at which 
a stream of cold gas flows out at the right and that issuing from the 
left is correspondingly warmed. Further closing of the valve causes 
a greater decrease in the temperature of the gas issuing at the right 
until a maximum effect is attained and, beyond this point, the cooling 
decreases until all the gas issues at the right. 









SCALE 


Fig. 1. — Photograph showing the relative sizes of the two Hilsch 
* Centrifugal Jets constructed. 


An officer of the Building Materials Research Section, C.S.I.R. 
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Apart from the very brief description of the unit itself given in 
the May and December issues of the Industrial Edition of Industrial 
and Engineering Chemistry for 1946 (1, 2), no definite information 
on its operation or performance or on tiie theory behind its operation, 
has yet become available. However, since the problem of maintaining 
reduced temperatures in cold conditioning boxes is a major problem 
in the Building Materials Research Laboratory, it was decided that 
the device was worth local investigation. Based, therefore, upon the 
meagre details available, two units of widely differing sizes were con- 
structed in the laboratory workshop and their undoubted success has 
already indicated the possibility of the device as a refrigerating agent. 
While the results so far to hand are admittedly only of a semi- 
quantitative nature, they are considered of sufficient value to pass on 
to others who may be interested in the utilization of the unit. 


LETTERS 

A 

B 

c 

D 

E 

F 

G 

H 




22 

^^2 


•167 

IBS 

•109 

22 

22 


11-62 

22 

^2 





^2 




Fig. 2. — Hilsch centrifugal jet (Maxwellian Demon). 

The spiral used in the unit is illustrated in Fig. 3 and is approxi- 
mately of the form r = a — bS^ (where r and d are the polar co-ordinates 
of points on the curve), the constants being arranged so^that a is the 
required maximum radius and b{2wy is equal to the inlet jet diameter. 
This spiral is uniform in’ a direction along the axis of the arms of 
the T, and its width in that direction is slightly greater than the 
diameter of the jet. Its shape can readily be seen in Fig. 3. The jet 
is formed so that it is perpendicular to the radius vector at ^ 0 

and e = 27 r and its axis is distant a-~ 2 b 7 r® from the origin for the 
spiral. Other relevant dimensions of the two units constructed are 
shown in Fig. 2. 
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For the smaller unit the dimraisions adopted were approximately 
those of the Germw model. This unit proved immediately successful 
in its trial operations. Compressed air at 90 lb. per sq. in. was used, 
and air noticeably colder than the surrounding atmosphere issued from 
the right arm of the demon when the compressed air was turned on 
and the gate valve adjusted roug^ily. Further adjustment of the valve 
indicated that a minimum temperature, about 35 deg. C. below atmos- 
pheric, was reached at one particular setting of the valve which 
eventually proved to be that at which 35 per cent, of the total air 
introduced was issuing through the cold jet. The maximum cooling 
effect, however, was reached when the volumes of air issuing at the 
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arms were equal and while changes in the setting of the valve neces- 
sarily resulted in corresponding alterations in the relative proportions 
and temperatures of air issuing from the hot and cold ends, the total 
flow remained reasonably constant at approximately 800 ml. per second 
at the pressure of 90 lb. per sq. in. The effective temperature drop 
in the air issuing from the cold Jet, corresponding to a complete range 
in valve settings from open to shut, with the compressed air at 90 lb. 
per sq. in. is shown idealistically in Fig. 4. 

Reduction of input pressure reduced the temperature drop of the 
cold air materially, but it was found that the setting of the valve for 
maximum drop remained constant. The progressive drop in tempera- 
ture corresponding to compressed air inlet pressures from 0 to 100 lb. 
per sq. in. is illustrated in Fig. 5. No attempt has yet been made to 
measure the temperature drop with pressures higher than 100 lb. per 
sq. in., but icing up of the output tube was seen to occur far more 
rapidly with a pressure of about 1,000 lb. per sq. in. 



Fig. 5. — Effect of change of pressure 
upon temperature drop. (Optimum 
valve setting remained constsmt.) 


Since for practical refrigeration purposes, much longer lengths 
of tubing through which to pass the cold air would be required, trials 
were carried out to determine the effect of change of length and of 
bending and coiling of the output tubes. Alteration of the lengths of 
both the hot and cold arms from 2 in. to 48 in. had no effect on the 
maximum temperature reduction of the cold air stream or on the 
setting of the valve. Bending or coiling of the tubes was similarly 
without any noticeable effect. 

The second model constructed was considerably larger than the 
first, with the internal dimensions approximately four times those of 
the former; the relative* sizes may be seen in Fig. 1. All tests showed 
that, within the limits of experimental error, the temperatures available 
were identical with those obtained with the smaller instrument. 

From theoretical considerations in one of the articles describing 
the original centrifugal jet (2), it seemed likely that a reduction in 
the size of the cold output orifice should increase the drop in tem- 
perature of the cold air stream. Using the larger model for convenience. 
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the effect of varying the dimensions of the cold orifice was investigated, 
but it was found (as may be seen from Fig. 6) that, as the diameter of 
the cold outlet was either decreased or increased relative to that of 
the warm orifice, the temperature drop diminished in both cases. It 
is apparent, therefore, that the cold opening used in the original Hilsch 
jet is about the optimum. 



Fig. 6. — Effect of variation of cold orifice 
diameter on temperature drop. (Valve setting 
required adjustment for each new orifice diameter.) 


While no suitable theory has been evolved to explain the operation 
of the Hilsch Centrifugal Jet or “ Maxwellian Demon,” the operation 
of the units constructed in the Building Materials Research Laboratories 
indicates clearly that such units show promise of being used to maintain 
temperatures below atmospheric, in constant-temperature boxes. For 
design purposes, it is clear that proportional alterations in the size of 
the jet units and increases in the lengths of the arms will not affect 
the results obtainable, and it is now proposed to make a number of 
these jets for use on a practical scale in these laboratories. 
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Note on Probable Ionization by the Giacobinid 
Meteor Shower 

By G. de V. Gipps^ B,Sc.^ 

Summary, 

A description is given of the effect of the Giacobinid meteor shower of 
October 10, 1946, on the ionosphere as shown on normal ionospheric h'yf 
records. The possibility of meteorites being responsible for ordinary Es 
ionization is considered. 

No special measures had been taken to observe possible ionization 
by this meteor shower on October 10, 1946, but subsequent examina- 
tion of the h'J records of the ionospheric recorder showed ionization 
below the normal £J-layer at that time. 

The occurrence of Es at Brisbane is a minimum in September and 
relatively little occurs during the early part of October, thus any 
ionization caused by a meteor shower probably would not be com- 
plicated by the presence of ordinary Es ionization. The maximum 
of the shower is reported to have occurred at about 1345 hours, 150 
East meridian time (1, 2) and consequently would not be seen visually. 
Two examples of the records obtained are given: Plate 4, Fig. 1, is 
the record at 1300 hours on which the first indication (isolated spots) 
of unusual ionization is visible. From 1330 to 1430 hours the echoes 
were heavy and continuous as shown in Plate 4, Fig. 2, at 1430 hours. 
After this the effects became weaker and finally disappeared at about 
1630 hours. 

The equipment used is an automatic h'J recorder with a frequency 
sweep of 2-2 to 12*5 Mc/s. in 2i minutes. The peak power output 
is about 200 watts and the radiation pattern of the Berkner 
(dipole) aerials varies with frequency. Every sixth sweep is recorded 
photographically. 

From examination of the film the chief characteristics were — 

(1) The abnormal echoes were generally weak. 

(2) There was no indication of blanketing, i.e. the ionization 

was transparent and the normal ionospheric layers were 
seen through it. 

(3) With few exceptions the echo heights were well defined: 

echoes from three different apparent heights were 
resolved in one case (1330 hours) and preserved their 
identity for at least li minutes. 

(4) Before and after the maximum, isolated echoes were 

recorded, possibly corresponding to single meteors. 

(5) There was no marked change in absorption during the 

period of the shower. 

(6) Examination of records for preceding and following days 

did not reveal any similar ionization, although occasional 
transient echoes were recorded. 

* A member of the staff of the Physics Department of the University 
of Queensland, working in co-operation with the Council’s Radio Research 
Board. 
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From the characteristics of the echoes received, it is concluded 
that the radio waves were returned by a process of scattering from 
an area of low but Irregular ionization density. If a high ionization 
density had occurred below the B-region the absorption of low 
frequency radio waves would have increased very considerably. The 
records are not suitable for accurate height measurement but by 
using all available information from the film the strongest echoes 
seem to have been in the range 100 to 110 km. Some echoes had 
apparent heights up to 180 km. but these would probably be oblique 
ranges. 

Since it took an abnormally intense shower of meteors to produce 
a weak ionization it is hardly likely that meteors play an important 
part in the direct production of Es though they may supply material 
(e.g. sodium) which under the ionizing infiuence of the sun affects 
the D-region absorption (3). 
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Mineral Chlorination Studies 


4. The Beneficiation of Australian Graphite by Treatment 
with Chlorine at High Temperatures 


By F, K. McTaggari, M.Sc* 


Summary. 

Graphite schist from the deposits at Uley and Koppio, South Australia, 
contains widely varying amounts of carbon which may be concentrated by 
flotation followed by leaching with dilute mineral acid to approximately 
90 per cent, carbon. The removal of the residual mineral contaminants 
from such concentrates has hitherto presented a diflScult problem solved 
only by the use of hydrofluoric acid. This paper describes the chlorination 
of a flotation concentrate in a tube furnace at temperatures between 1250'* 
and 1450 ''C., resulting in a product having an ash content of only 0*05 per 
cent. The influence of temperature, chlorine rate, addition of inert gas, 
and the effects of carbon tetrachloride were determined. 

Graphite having an ash content of 0-5 per cent, was produced using 

1 lb of chlorine per pound of graphite recovered, while with the use of 

2 lb. chlorine per pound, graphite containing 0*05 per cent, or less ash 
was produced. 


I. Introduction 

The graphite schist that occurs in the deposits at Uley and Koppio, 
South Australia, contains widely^ varying amounts of carbon, together 
with silica, ferric and aluminium oxides, calcium carbonate, &c. The 
samples supplied for use in this work contained 15-20 per cent, 
carbon. Investigational work on suitable ore-dressing methods for 
such ores has been done by Blaskett and Gartrell(l), Dunkin and 
Hart (2), and Plante (3) who have shown that concentrates containing 
80-90 per cent, of carbon together with 1-5 per cent, of calcite may 
be obtained after several flotations provided preliminary grinding is 
carried far enough to liberate associated gangue. Croft (6) has 
shown that these, and also the lower grades of flotation concentrates 
(60-70 per cent, carbon) which tend to be produced when efforts are 
made to preserve the coarse flakes of the ore, can be freed of all 
gangue except silica by means of a reducing roast following by diges- 
tion with dilute sulphuric or hydrochloric acid. Thus graphite can 
be obtained either by flotation alone or by flotation followed by acid 
digestion, containing not more than 10-15 per cent, of gangue 
minerals most of which is either quartz or finely divided silica 
resulting from the decomposition of silicates. Leaching with hydro- 
fluoric acid has, to date,* proved the only effective method for remov- 
ing this silica and so producing a high-grade graphite. 

It is well known that chlorine attacks silica in the presence of 
carbon at high temperatures giving silicon tetrachloride. Under such 
conditions compounds of iron and aluminium are also attacked 
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readily, yielding volatile chlorides. There appeared no reason why 
this method should not be used for the beneiiciation of graphite con- 
taining impurities such as these, the chief difficulty being in connexion 
with the use of chlorine at 1200°C. or higher and the finding of a 
material suitable for the fabrication of a furnace and capable of 
withstanding chlorine at such temperatures. 

The reaction between silica and chlorine in the presence of carbon 
is as follows: — 

SiOa + 2C + 201* -> SiCl4 + 2CO 
wt.ratios : 60 + 24 + 142 -> 170 + 56 

There will be some loss of carbon from the graphite owing to the 
formation of carbon monoxide. The magnitude of this loss will 
depend on the quantity of impurity to be eliminated, and in the 
case of a dotation concentrate such as has been described above 
should not amount to more than 5 per cent. There is no need for 
a discussion of the thermod 3 mamics of the reaction because of the 
small amount of silica in the graphite. It was realized from the 
data available in the literature(4) that temperatures above 1200°C. 
would be necessary for a rapid removal of the crystalline silica, and 
provided the amount of chlorine used was not so great as to be 
excessively costly, the efficiency based on the chlorine would not 
need to be high. 

It was, therefore, decided to determine — 

(i) the optimum temperature for the reaction, 

(ii) the optimum rate of introduction of chlorine, 

(iii) the effect of an inert gas mixed with the chlorine for 

sweeping out of reaction products, 

(iv) the effect of substitution of carbon tetrachloride for a 

certain amount of the chlorine, 

(v) the quantity of chlorine necessary to reduce the mineral 

impurity to approximately 0-5 per cent, and thereafter 
to approximately 0*05 per cent., and finally 

(vi) to find a suitable material for the construction of the 

furnace and to develop a satisfactory technique for 
carrying out the reaction. 

2. Raw Materials 

In early exploratory experimental work a sample of Uley graphite 
concentrate leached free from calcite and containing 30 per cent, ash 
was used. This was chosen in order to determine the general 
characteristics of the reaction and the likelihood of removing fairly 
large quantities of contaminants. This was placed in a large vertical 
silica tube furnace and chlorinated at 800-900°C. for two hours. The 
oxides of iron and aluminium were rapidly attacked and were almost 
cotaipletely eliminated in that time. The residual graphite contained 
15-8 per cent, ash of a light-grey colour consisting almost wholly of 
silica. 
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For the later work a further sample of Uley flotation concentrate 
containing 12*2 per cent, ash was used. It occurred in flake form 
and had the following screen analysis — 

Per cent. 


(a) + 48 mesh .. 38-4 

+100 mesh .. 42-6 

+150 mesh . . . . . . 10-0 

+200 mesh . . . . . . 5-0 

—200 mesh . . . . 4 0 


100-0 


A quantity of this material 
following size: — 

(h) + 48 mesh 

+ 65 mesh 
+ 100 mesh 
+ 150 mesh 
+ 200 mesh 
— 200 mesh 


was ground in a jar mill to the 

Per cent. 

0-2 

2-5 

8*9 

17- 3 

18- 8 

.. 52-3 

100-0 


and a further quantity was ground in the same manner to 85 per 
cent, minus 200 mesh (c). These three samples were leached in 
5 per cent, hydrochloric acid to remove calcite and were then filtered, 
washed, and dried. The ash coitfent in each case was 8-9 per cent., 
comprising 6-4 per cent. SiOj and 2-5 per cent. RgOg. 

3. Experimental 

(i) Using Platinum-wound Furnace. 

In the exploratory experiments the graphite charge was heated in 
the vertical alundum tube furnace shown in Fig. lA. This furnace 
was wound with 26-gauge ‘‘ platinum — 20 per cent, rhodium ” wire 
and insulated by means of a layer of aluminium oxide and kieselguhr 
bricks. The various holders used for the charge are shown in Fig. 1a. 

and c. The first three chlorinations. Nos. 4, 5, and 7 in Table 1, 
were carried out in the silica tube shown inside the furnace in Fig. lA. 
The charge was placed in the upper section and the height of the 
tube was adjusted so that the charge occupied the hottest zone of 
the furnace. The tube was then luted at the bottom. Chlorine was 
passed up the centre tube into the charge and nitrogen was passed 
in between the tube and the furnace walls. The nitrogen served to 
sweep the excess chlorine and the fumes away at the top of the 
charge. The wall temperature was recorded by means of a platinum- 
rhodium thermocouple placed between the silica tube and the furnace 
wall and readings so obtained were correlated with the temperature at 
the centre of the charge by means of previous comparisons made 
with a thermocouple inserted in a charge, without chlorine passing. 
Forty grams of graphite was found to fill the tul?e conveniently. 
It was clear from these three experiments that a temperature of at 
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least 1250^C. was necessary to bring about a rapid removal of ash. 
ISOO^C. appeared to be desirable because in No. 7 a sample of graphite 
selected from the centre of the tube was found to have an ash 
content of 0*1 per cent. The mean ash content of the graphite from 
this experiment was, however, 0-7 per cent., due almost entirely to 
silica flakes from the walls of the containing tube. It was obvious, 
therefore, that silica was unsuitable for the purpose, and attention 
was turned to graphite. A piece of Acheson graphite electrode 
(approx. 1*0 per cent, ash) was turned to the shape shown in Fig. 1b. 
lliis replaced the silica tube of Fig. 2a. Results from it were 
disappointing. A typical experiment. No. 8, is shown in the table. 
The relatively high ash content after prolonged chlorination was 
due to the rapid conduction of heat away from the charge by the 
massive lower section of the holder which projected from the bottom 
of the furnace. It is doubtful whether the temperature of the charge 
exceeded llOO'^C. 
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40 
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1,250 
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0 7 

Sample from 










centre = 










0 1% ash 

8 

Gi npliite tube 

39 

15 8 

1,3.50 

1,100 

180 

19 

3 

Temp, too 

1 









low 

9 

Graphite liner 
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15 8 
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0 15 
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To overcome this difficulty a return was made to the silica tube, 
this time fitted with the graphite liner as shown in Fig. Ic. The 
liner was 3/32 in. thick and had little effect on the temperature of 
the charge, but owing to the volume occupied by it the charge had 
to be reduced to about 30 grams. The results of the chlorinations 
(experiments Nos. 9 and 10) were encouraging. The ash content 
dropped to 0*15 and 0*12 per cent, respectively and 88 per cent, of the 
graphite was recovered in each case. However, the amount of chlorine 
used was excessive, being seven times the weight of the charge. Also, 
as in previous experiments, a white incrustation of silica collected on 
top of the charge and in removing this portion of the graphite was lost. 
The formation of this silica, which is of extreme fineness, appears to 
be due to hydrolysis of silicon tetrachloride immediately the vapours 
cease to be in contact with carbon. The hydrolysis must in turn be 
due to the presence of water vapour not decomposed in contact with 
carbon at this high temperature. The phenomenon is in line with 
past experience in chlorination work (5) and, in this case, the water 
vapour must arise from water absorbed on the graphite and gradually 
liberated under the action of the chlorine. 

This preliminary work showed that — (a) it was possible to reduce 
the ash in the graphite to a satisfactory figure, and, (h) that a 
temperature of 1250 °C. or higher was necessary for rapid decom- 
position of the ash. The disadvantages of the apparatus were: — 
(a) the chlorine was measured by flowmeter which was not sufficiently 
accurate to yield reliable data for chlorine consumption; (b) although 
diluted with nitrogen, the chlorine attacked the alundum furnace; 
(c) the charge was small; (d) part of the charge lifted and slid 
between the containing tube and the furnace walls when the chlorine 
rate was high; (e) there was a considerable temperature gradient 
between the heating element and the charge due to firstly, the 
alundum tube, and, secondly, the silica tube. For this reason a maxi- 
mum temperature (centre of hot zone) of only 1320 °C. could be 
attained. At this temperature the heating element was dangerously 
hot. It was decided, therefore, to set up a furnace that would over- 
come these disadvantages and yield reliable data on the factors 
influencing the reaction. 

(ii) Graphite Tube Furnace. 

(a) Apparatus (see Fig. 2). — The furnace consisted of a tube (A) 
turned from a length of Acheson graphite electrode (1-0 per cent, of 


ash). The dimensions were — 

Maximum outside diameter . . . . 4 in. 

Minimum outside diameter . . . . 23 in. 

Inside diameter . . . . . . . . 2 in. 

Total length . . . . . . ... 30 in. 

Length of heating section . . • . . . . 12 in. 

Length of enlarged electrodes . . . . 7 in. 


The tube was held vertically in a steel box (B) insulated by means 
of 200 mesh charcoal powder (C) and a double layer of kieselguhr 
bricks (D). Electrical connexions were made at the ends by means 
of water-cooled clamping electrodes (E). Bus bars (F) with flexible 
sections (G) served to connect the furnace to a transformer giving a 
C.5563/47.— 4 
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maximiim of 10 volts at 2,500 amps. The furnace was provided with 
two alundum inspection tubes (H) through which the maximum 
temperature, i.e., at the mid point, and the temperature at the top 
of the charge, could be continuously checked during operation. Also 
provided was an inlet port (I) through which nitrogen was passed 
during operation of the furnace. The graphite tube was tapped at 
the lower end and fitted with a screw-in chlorine inlet tube (J). 
From (J) a i-in. hole extended to the working-in section of the 
furnace. At the top was a hood (K) fitted with a glass inspection 
window (L) and vent holes (M). The hood was connected to an 
exhaust fan. The charge (N) rested on a bed of charcoal of 
l-ln. mesh (O), and extended to the position marked (X). The 
graphite sleeve (P) (see later) came to within 1 inch of the level (X). 
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The chlorine was Supplied from a small cyclinder, 2 inches internal 
diameter and 12 inches long, made from a length of steel pipe, welded 
at the bottom and closed at the top with a heavy steel screw-in plug 
to which was fitted a brass needle valve. This cylinder, which held 
about 240 g. of chlorine and weighed when full 3-1 kilograms, was 
filled from a commercial chlorine cylinder by immersing the former 
in an* alcohol-dry ice mixture and allowing chlorine to distil over. 
Chlorine, consumption was determined by weighing the cylinder on 
Dayton ratio scales accurate to somewhat better than 1 gram. Rates 
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of chlorine flow were determined roughly by flowmeter and accurately 
by weighing the cylinder every quarter or half hour during an 
experiment. 

The charge was placed in the furnace with the aid of a funnel 
and removed by suction into a small bag house. The bag could be 
weighed accurately for the determination of recovery. 

(b) Calibration of fumade for temperature . — The furnace was 
calibrated by means of a platinum-rhodium thermocouple in a thin- 
walled alundum sheath, inserted down the centre of the tube with 
a charge of graphite in place. At a mid-point temperature of 1450°C. 
the temperature at points 3i inches below and 3i inches above was 
1250°C. This zone was therefore chosen as the working region. The 
setting of the voltage controls and the voltage across the transformer 
terminals were noted, and also the temperatures as determined by 
means of an optical pyrometer through the observation tubes in 
the side of the furnace. In this way the temperature inside the 
furnace during an experiment could be estimated. For a maximum 
temperature of 1450 °C. the potential across the furnace was 3-85 
volts and the current 1950 amps. In the 7-in. working zone a 70 gram 
charge could be accommodated. 

Initially the charges were chlorinated without the graphite sleeve 
shown in Fig. 2, but it was found that a layer of oxides formed on the 
inside wall of the furnace immediately above the top of the charge. 
These oxides, produced apparently by the reaction discussed 
previously, then reacted with the graphite wall, resulting in severe 
pitting. As before, a considerable amount of silica collected in the 
top layer of the charge and this was removed by suction before the 
bulk of the graphite was taken out. To prevent pitting of the walls 
and in order to obviate the waste of the top i — 1 in. of the charge, 
several experiments were made using a “topping'’ of graphite up 
to the level indicated by (Z). This effectively stopped the pitting 
but caused difficulty in Ailing and emptying, because of the tendency 
for mixing to take place between the charge and the “topping.” 
The problem was finally solved by the use of the graphite sleeve 
shown in position in Fig. 2. The upper section of this liner was 3/16 
in. thick and the lower 2i in. was 1/16 in. thick. Its effect on the 
temperature distribution was negligible and it was necessary to place 
only an additional li in. of graphite on top of the charge. This layer 
was removed with the silica after chlorination. The sleeve was slowly 
pitted owing to deposition on it of oxides and was replaced from time 
to time as required. 

(c) Influence of chlorine rate . — ^In the experimental work de- 
scribed in this section and in (d) and (e) below, graphite of the type 
C, i.e., 85 per cent, minus 200 mesh, was used. It was recognized 
that from the point of view of heating and other operating costs, in 
an eventual industrial application df the process, the shorter the time 
of chlorination the better. Hence several experiments were conducted 
to determine the optimum rate at which chlorine should be passed. 
The maximum rate practicable was found to be 30g./hr., as at rates 
faster than this the graphite was carried up the tube by the gas 
stream. The results cited in Table 2 show that this maximum rate 
was most effective in bringing about the reduction of the ash. At 
30 g./hr. a reduction of ash content from 9 per cent, to approximately 
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0*5 per cent, was achieved in 2*3 hours, i.e., with a consumption of 
70 g. of chlorine (experiments Nos. 19 and 20). When 10 g./hr. of 
chlorine was passed for 7 hours, again a consumption of 70 g. 
chlorine, the ash fell to only 4-6 per cent, (experiments Nos. 13 and 
14), while at 20 g./hr. an intermediate figure was obtained (experi- 
ment No. 18). 


Table 2. 


Ex- 

peri- 

ment 

No, 

Charge 

m. 

Chlorinating 1 

Agent. ' 

1 Time 

Ash. 

Cl, 

Hate 

Cl, 
Con- 
tent ot 
Oraph- 
Ite. 

Type. 

Amount. 


Imtial. 

Final. 


K- 


g- 

hrs. 

% 

0 / 

/o 

g./hr. 

% 

15 

70 

Cl, 

70 

7 

8 9 

4 6 

10 


16 

70 

CI 2 -I- 

70 + 

7 

8 9 

4 7 

10 




CCJ4 

26 






18 

70 

01, 

70 

3 5 

8 9 

2 1 

20 

. , 

19 

70 

Cl, 

70 

2 3 

8 9 

0 .59 

30 

0 7 

20 

70 

Cl. 

70 

2 3 

8 9 

0 43 

30 

0 19 

21 

70 

Cl, 

70 

2 3 

43 

0 02 

30 


23 

70 

Cl, 

70 

2 3 

59 

0 05 

30 

. , 

24 

70 

Cl, 

34 

3 4 

8 9 

6 1 

10 


25 

70 

Cl, 

39 

2 6 

8 9 

2 25 

15 


27 

70 

Cl, + 

47 + 

CO 

8 9 

0 58 

20 




(’Cl. 

23 



1 



29 

200 

Cl, 

200 

6 6 

8 9 

3 37 

30 


30 

200 

Cl, 

200 

6 6 

8 9 

3 34 

30 


31 

110 

Cl, 

no 

3 (> 

8 9 

2 71 

30 



llcniark*? 


CCI 4 added 


Not gas washed 
Gas washed with 

N. 


Nj sweep 2 cc./ 
min. 

Ng sweep 78 te./ 
mm. 

CCI 4 substituted 

Flako graphite 
Flake graphite 

r)2^o> - 200 


(d) Influence of inert sweeping gas , — In the elimination of 
approximately 9 per cent, ash, which corresponds to 6*3 g. silica, not 
more than 15 g. chlorine would be used, the remaining 55 g. merely 
serving to sweep away the reaction products. The greater efficacy of 
the fast chlorine rate appeared to be connected with this rapid removal 
of products but later it was found to be dependent on another factor 
also. Graphite containing approximately 0*5 per cent, ash, the 
product of experiments Nos. 19 and 20, was treated again in the 
furnace at 30 g./hr. chlorine for 2*3 hours. In one case. No. 21, the 
ash fell to 0-02 per cent., while in the other. No. 23, it fell to 0-05 per 
cent. In all these cases the recovery of graphite was better than 90 
per cent., based on the graphite (carbon) content of the original 
sample taken. 

Because the greater part of the chlorine appeared to be effective 
only in sweeping out the reaction products, it was decided to investi- 
gate the effect of the substitution of an inert gas such as nitrogen for 
some of the chlorine. Accordingly experiments were carried out using 
chlorine 10 g./hr. and equal volume of nitrogen for 3*5 hrs. (Expt. 
No. 21); tind chlorine 15 g./hr. and equal volume of nitrogen for 2*3 
hrs. (Expt. No. 25). The results are in no way comparable to the 
chlorinations in which the whole volume of the gas was chlorine. 
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This must be due to the fact that the concentration of the chlorine 
at the graphite-silica surface is reduced by the admixture of nitrogen. 
The reaction rate thus falls off. 

However, the results using chlorine were considered satisfactory. 
Graphite containing 0-5 per cent, ash could be produced from flotation 
concentrate by the additional expenditure for chlorine of approxi- 
mately 4d. per pound of graphite produced plus other operating costs. 
For a further 4d. per pound a high grade of graphite containing only 
0*05-0 -02 per cent, ash could be produced. Accurate costing could 
only be done after pilot plant or large-scale experimental work, but 
it appears certain that graphites could be produced as cheaply as 
imported grades. 

(e) Influence of carbon tetrachloride on the chlorination, — Several 
experiments were carried out in order to determine the effect on the 
reaction rate of the addition of carbon tetrachloride. When carbon 
tetrachloride was passed in large amounts the carbon tetrachloride 
decomposed and carbon was deposited as a hard tube. Through it the 
chlorine and carbon tetrachloride were carried up into the middle of 
the charge and the lower regions were found to contain a relatively 
large ash. When a portion only of the chlorine was replaced by this 
reagent as in Expt. No. 27, no carbon tube formed but the results were 
not significantly different to those obtained from corresponding experi- 
ments in which no carbon tetrachloride was present. 

if) Chlorination of coarser grades of graphite, — The lamellar 
structure of graphite suggested that it might be possible to chlorinate 
the leached concentrate without recourse to fine grinding. However, 
the experimental data found in Expts. Nos. 29, 30, and 31 showed 
that, like other minerals studied to date, the graphite must be ground 
finely for efficient chlorination. The flake graphite (sample A) 
showed a drop in ash content from 8*9 to 3*35 per cent, (mean of 
Expts. Nos. 29 and 30) under conditions that brought the ash of the 
standard graphite (C) to 0*4-0 *6 per cent. Graphite B chlorinated 
more readily and under similar conditions the ash dropped to 1*74 
per cent, but the merit of this result is difficult to assess without 
reliable data on the cost of grinding. It may well be that for some 
purposes chlorination of graphite of this size would be preferable. 

(iii) Adsorption of Chlorine on Graphite, 

For many purposes such as lubrication, graphite must be free from 
materials that will cause abrasion, or give rise to corrosion, even 
under moist conditions such as sometimes obtain in bearings. Samples 
of graphite from Expt. No. 19, which had been chlorinated to 0*5 per 
cent, ash and allowed to cool in an atmosphere of chlorine, were 
analysed for chlorine by the combustion method and fbund to contain 
0*7 per cent, chlorine.- If this figure arose from free chlorine the 
graphite would be quite unsuitable for lubrication. Hence further 
samples were agitat^ with IN sodium hydroxide and with distilled 
water for 24 hrs., after which the graphite was filtered off and the 
filtrates tested for chloride with silver nitrate. In each case only the 
slightest cloudiness was apparent. No attempt was made to estimate 
the chloride liberated as nephelometric apparatus was not available. 
At the conclusion of Expt. No. 20 the chlorine was turned off and 
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nitrogen was passed through the charge at about 50 cc./min. for 0-5 
hr. before the temperature was allowed to fall, and thereafter until 
the charge was cool (about 2 hrs.). The combustion method ol 
analysis showed that there was 0*1^ per cent, chlorine present but no 
trace of chloride could be detected by the other analyses. The chlorine 
was apparently so firmly bound to the graphite that even prolonged 
treatment with alkali would not remove it. Croft (6) has thoroughly 
investigated this property of graphite and the above results are in 
agreement with his work. It appears, therefore, that graphite pre- 
pared by chlorination and gas washed as described would be unlikely 
to give rise to corrosive compounds under normal conditions. 
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NOTES 


Changes of Title of Imperial Agricultural Bureaux 

As a result of a recommendation of the 1946 Review Conference 
of the Imperial Agricultural Bureaux, the Imperial Bureau of Pastures 
and Forage Crops now becomes the Imperial Bureau of Pastures and 
Field Crops (Director: Dr. R. O. Whyte). In its expanded form it 
will cover that part of the literature on the following crops not already 
the concern of the Bureaux of Plant Breeding and Genetics, or Soil 
Science; all cereals, field root crops, pulses, groundnuts, cotton and 
other fibre crops grown on a field scale, sugar beet, and sugar cane, 
in addition to the literature on grassland management and fodder 
production which has been the concern of the Bureau for the past 
seventeen years. Attention will continue to be given to those aspects 
of plant biological research which refer to the crops now covered and 
sections will now also deal with farming systems concerned in the 
production of field or forage crops, and certain economic aspects of 
crop and fodder production. Although the name of the Bureau has 
already (as from April 1, 1947) been changed to Pastures and Field 
Crops, and a second abstracting journal (in addition to Herbage 
Abstracts) is to be published from 1948 onwards, it will be some time 
before it will be possible to claim that the extended field of research 
and practice is being adequately covered, or before it will be possible 
to reply without a little difficulty to inquiries on the new crops now 
added to the Bureau’s responsibilities. It will be much appreciated if 
research workers, Institutes, and Departments concerned with these 
crops will send their publications and reports to the Imperial Bureau 
of Pastures and Field Crops, Penglais, Aberystw> th, Wales, for review 
in the new abstracting journal dealing with field crops. Particulars 
of this journal can be sent to persons interested. 

Acting on the recommendation of the 1946 Conference the Executive 
Council of the Bureaux also decided that the Imperial Parasite Service 
would become the Imperial Bureau of Biological Control as from 1st 
April, 1947. 


Review 

“ Gestation Periods — A Table and Bibliography,” 
compiled by J. H. Kenneth. 

(Technical Communication No. 5 of the Imperial Bureau of Animal 
Breeding and Genetics, 1946, pp. 30. Price 3s. Obtainable from the Central 
Sales Branch, Imperial Agricultural Bureaux, Penglais, Aberystwyth, 
Wales.) 

This second edition of a communication first published in 1943 is 
a source book of information on gestation periods of 300 species, and 
contains 442 references to literature. The species are arranged in 
alphabetical order of common names and, in respect to each, all 
available sources of data are quoted on the mean, maximum, and 
minimum durations of gestation. For domestic animals, data 
referring specifically to individual breeds are listed as such. 
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For most spscies of aninidls, in rsspoct to which only limited data 
are available, indication of the mean gestation period and its range 
represents the best information which can be obtained. However, 
abundant data are available for most domestic animals so that a more 
precise estimate of the normal degree of variation from the mean could 
be calculated. Maximum and minimum values are of little use except 
as curiosities, especially when the possibilities of abortion and doubts 
as to the validity of extremely long records are taken into consideration. 
For information on the standard deviations of gestation periods in 
domestic animals, the reader may consult Animal Breeding Plans (by 
J. L. Lush. 1943. Iowa State Coll. Press, Ames, Iowa. 2nd Ed.). 

The 300 species listed include various aquatic mammals and 
Australian marsupials. The data on the human are very numerous 
and are in two sections, including those records for which the interval 
from fertilization to labour is measured and those for which the 
interval used is from last menstruation to labour. 


Recent Publications of the Council 

Since the last issue of this Journal, the following publications of 
the Council have been issued: — 

Bulletin No, 203. — ‘‘ Agar in Australia,’’ by E. J. Ferguson Wood, 
B.A., M.Sc. 

This Bulletin gives an account of the agar industry in Australia 
during the war, and the research that led up to it; overseas work on 
agar is also summarized. The uses of agar, its physical and chemical 
properties, and methods of testing its various qualities, are discussed, 
together with the sources of seaweed used as the raw material, and 
the manufacturing processes employed. The possibilities of the agar 
industry in Australia are outlined. At the present time the industry 
produces some 160,000 lb. of agar a year, valued at about £150,000, 
and it is expanding to the limits of the known beds of the particular 
type of seaweed required. Much of the agar produced is exported to 
Britain, the Argentine, and Uruguay. 

Bulletin No. 204. — A Soil Survey of Part of Waterhouse Estate, 
County of Dorset, North-East Coast, Tasmania,” by G. D. Hubble, 
B.Agr.Sc. 

This survey covers an area of 50,000 acres in the Waterhouse Estate 
lying in the coastal belt north of Scottsdale, north-eastern Tasmania. 
It was undertaken at the request of the Tasmanian Post-War Land 
Settlement Committee to examine the soils and estimate the quality 
of the north-eastern coastal belt for future settlement. The area has 
been used as sheep and cattle run country for nearly 100 years, but 
little cultivation has been undertaken and the stock are almost entirely 
dependent on the natural vegetation. 

The soils are of very low fertility for the most part, and on present 
knowledge it seems unlikely that good pastures could be established 
economically on them, except in small areas. A limited subdivision 
of the property into holdings of from 8,000-10,000 acres, each with 
an initial carrying capacity of about 1,500 sheep, might be possible; 
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but before any settlement is considered it must be demonstrated that 
profitable sown pastures can be established. Field trials are being 
undertaken by the Department of Agriculture for this purpose. The 
establishment of windbreaks, the prevention of sand drift from the 
coast, and the provision of adequate drainage, are other problems that 
must be tackled. 

Bulletin No, 207. — The Fumigation of Wheat in Bag Stacks,*' by 
Frank Wilson and F. J. Gay, B.Sc., D.I.C. 

Prior to the investigations described in this Bulletin, the effective 
fumigation of commercial stacks of bagged wheat had never been 
accomplished, and was generally considered to be impossible of 
attainment in an economic manner. The stacks to be treated were 
commonly 100 feet long, 70 feet wide, and about 20 tiers high, and 
covered by a permanent roof, so the provision of an airtight covering 
was virtually impossible. Experiments showed that if the stack was 
built on an airtight base, and airtight curtains were erected round the 
sides, fumigation could be effectively carried out by applying certain 
heavier-than-air fumigants over the surface of the stack. Carbon 
bisulphide at the rate of 1 lb., or methyl bromide at the rate of 2 lb. 
per 1,000 cubic feet gave a good kill of weevils and mice. The 
fumigant is not so effective in the top few tiers of wheat, but 
infestation is largely restricted to the lower part of the stack. This 
fumigation method, using carbon bisulphide, has been employed 
extensively in South Australia since May, 1944, and some 4,000,000 
bushels of wheat have been treated with entirely satisfactory results. 

Bulletin No, 209. — Interaction of Insect Infestation, Temperature, 
and Moisture Content in Bulk-Deppt Wheat,” by Frank Wilson. 

This Bulletin describes an experiment in which the changes in 
insect-densities, temperatures, and wheat moistuie contents occurring 
in bulk-depot wheat inoculated with Rhizopertha domimca were 
studied over a period of ten months. This insect and Latheticus oryzae 
penetrated and bred throughout the zone studied (a depth of 5 feet) 
during the earlier part of the experiment, but subsequently became 
restricted increasingly to a shallow surface zone, owing to the develop- 
ment of lethal physical conditions in the wheat. Reproduction near 
the wheat surface was made possible by lower temperatures and higher 
moisture contents. Near the surface the loss in wheat weight was 
as much as 40 per cent., but the percentage rapidly decreased with 
depth and below a level of about 2 feet the damage was negligible. 

Bulletin No, 211. — “ The Water Retting of Flax. Resume of 
Investigations from 1940 to 1945,” by W. L. Greenhill, M.E., and Jean 
F. Couchman, B.Sc. 

The methods now generally adopted for water retting flax are 
based on a large amount of empirical knowledge in the assimilation 
and use of which the Belgians have in the past undoubtedly been 
pre-eminent. The problem as it affected this country has been to 
adapt Belgian methods to local conditions and straw types and, if 
possible, improve on them by making retting more of a science than 
an art. Investigations have been conducted in water retting research 
both in the laboratory and at commercial plants to determine the effect 
of varying such factors as the temperature and duration of the 
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preliminary rinse, the temperature, straw to water ratio, dilution and 
duration of the ret proper, and the use of a final wash. Single and 
double retting and special retting techniques, such as the treatment 
of crated straw in channels, have been tried, and also the influence of 
such factors as the use of saline water, supplies of which occur 
naturally in certain of the flax districts. Precise methods for deter- 
mining rate of progress and the end-point of a ret have been considered 
and a technique developed which, based on the buffer capacity of the 
retting liquor, has greatly assisted in making comparisons between 
different retting schedules. 

As the outcome of this work, it has been possible to recommend to 
flax mills a basically sound retting procedure, which is economical of 
time, labour, water, and fuel, and can be used with confidence for the 
type of straw grown in this country. 

Bulletin No. 217. — “ The Relative Importance of Live Sheep and of 
Carrion as Breeding Grounds for the Australian Sheep Blowfly Luciha 
cuprina/^ by D. F. Waterhouse, M.Sc. 

Ludlia cuprina is what is called a primary fly, that is, it is 
responsible for initiating strikes in sheep. Secondary flies are 
attracted to struck sheep, but are of little danger to sheep in the 
absence of primary flies, so control measures should be directed against 
the latter. Past observations have indicated that strikes in living 
sheep are responsible for breeding the primary fly, carcasses being 
far less important, so this was tested in experiments described in the 
present Bulletin. Luciha cuprina flies developed from only 6 out of 27 
carcasses exposed at Canberra at intervals liiroughout the year, with 
an average of four flies per animal, whereas an average of 10,000 
secondary flies developed from each carcass. On the other hand, an 
average of over 1,200 L. cuprina per strike was produced from 26 
struck sheep, and generally no secondary flies at all. Thus, the 
destruction of carcasses is of no value in controlling primary flies. 

Bulletin No. 224. — “ Mechanical Composition of Soil in Relation to 
Field Descriptions of Texture,'* by T. J. Marshall, M.Agr.Sc., Ph.D. 

This Bulletin was reviewed in the last issue of this Journal 
(20: 315). 


Forthcoming Publications of the Council 

At the present time, the following future publications of the Council 
are in the press: — 

Bulletin No. 202. — The Strain Complex and Symptom Variability 
of Tomato Spotted Wilt Virus,” by D. O. Norris, M.Sc. (Agric.). 

Bulletin No. 206. — “Pedogenesis Following the Dissection of 
Lateritic Regions in Southern Australia,” by C. G. Stephens, M.Sc. 

Bulletin No. 210. — “ Preliminary Survey of the Natural Pastures 
of the New England District of New South Wales, and a General 
Discussion of Their Problems,” by R. Roe, B.Sc. (Agric.). 
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Bulletin No, 212. — “The Frictional Properties of Lead-Base and 
Tin-Base Bearing Alloys: The Role of the Matrix and the Hard 
Particles/’ by D. Tabor, Ph.D. 

Bulletin No, 213. — “ Laboratory and Field Tests of Mosquito 
Repellents,” by R. N. McCulloch, B.Sc., B.Sc.Agr., and D. F. Water- 
house, M.Sc. 

Bulletin No, 214. — “ The Preparation and Properties of Synthetic 
Cryolite,” by P. Dixon, M.Sc., and T. R. Scott, M.Sc. 

Bulletin No. 215. — “ Studies in the Biology of the Skin and Fleece 
of Sheep. 4. The Hair Follicle Group and its Topographical 
Variations in the Skin of the Merino Foetus,” by H. B. Carter, B.V.Sc., 
and Margaret H. Hardy, M.Sc. 

Bulletin No. 216. — “ An Examination of the Peet-Grady Method 
for the Evaluation of Household Fly Sprays,” by D. F. Waterhouse, 
M.Sc. 

Bulletin No. 218. — ” Studies of the Physiology and Toxicology of 
Blowflies. 12. The Toxicity or DDT as a Contact and Stomach Poison 
for Larvae of Lucilia cuprina. 13. Insectary Tests of Repellents for 
the Australian Sheep Blowfly,” by D. F. Waterhouse, M.Sc. 

Bulletin No. 219. — “ Spray Tests against Adult Mosquitoes. 1. 
Laboratory Spray Tests with Culicine {Culex fatigans) Adults,” by 
D. F. Waterhouse, M.Sc. “ 2. Spray Tests with Anopheline {Anopheles 
punctualatus farauti) Adults,” by D.F. Waterhouse, M.Sc., and D. O. 
Atherton, M.Sc.Agr, 

Bulletin No. 220. — ” The Preparation and Use of Harvey’s Reduced 
Strychnine Reagent in Oceanographical Chemistry,” by D. Rochford, 
B.Sc. 

Bulletin No. 221. — “ Contributions to the Stu<ly of the Cell Wall. 
4. The Nature of Intercellular Adhesion in Delignifled Tissue. 5. The 
Occurrence, Structure, and Properties of Certain Cell Wall 
Deformations,” by A. B. Wardrop, M.Sc., and H. E. Dadswell, D.Sc. 

Bulletin No. 222. — ‘‘ The Chaetognatha of South Eastern Aus- 
tralia,” by J. M. Thomson, M.Sc. 

Bulletin No. 223. — “ Report of Marine Borer Survey in New 
Guinea Waters,” by A. W. Shillinglaw, B.Sc., Dip.For., and D. D. 
Moore, B.Sc., A.S.T.C. 

Bulletin No. 225. — ” Studies on the Control of Wheat Insects by 
Dusts. 1. Field Tests of Various Mineral Dusts against Grain 
Weevils,” by F. J. Gay, B.Sc., D.I.C., F. N. Ratcliffe, B.A., and R. N. 
McCulloch, B.Sc., B.Sc.Agr. “ 2. Further Tests of Various Mineral 
Dusts for the Control of Grain Pests,” by F. J. Gay, B.Sc., D.I.C. 
“ 3. The Use of Dust Barriers for the Control of Grain Insects,” by 
F. J. Gay, B.Sc., D.I.C. “4. The Use of'DDT- and 666- impregnated 
Dusts for the Control of Grain Pests,” by F. J. Gay, B.Sc., D.I.C. 

Bulletin No. 226. — “ An Ecological Study of the Australian Plague 
Locust (Chortoicetes terminifera Walk.) in the Bogan-Macquarie 
Outbreak Area, N.S.W.,” by L. R. Clark, M.Sc. 

Bulletin No. 227. — “ Studies on Perennial Veldt Grass (Ehrharta 
calycina Sm.),” by R. C. Rossiter, B.Sc.(Agric.), 
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Bulletin No. 228. — “ Ecological Observations on the Small Plague 
Grasshopper, Austroicetea cruciata (Sauss.), in the Trangie District, 
Central Western New South Wales,” by L. R. Clark, M.Sc. 

Bulletin No. 229. — “ Studies in Cement-Aggregate Reaction. 
I. — ^Australian Aggregates and Cements,” by A. R. Alderman, D.Sc., 
Ph.D., A. J. Gaskin, M.Sc., R. H. Jones, B.Sc., and H. E. Vivian, 
B.Sc.Agr. “ n. — ^The Effect of Alkali Movement in Hardened Mortar,” 
by H. E. Vivian, B.Sc.Agr. “ HI. — ^The Effect of Void Space on Mortar 
Expansion,” by H. E. Vivian, B.Sc.Agr. “ IV. — ^The Effect of 
Expansion of the Tensile Strength of Mortar,” by H. E. Vivian, 
B.&.Agr. “V.— The Effect of Void Space on the Tensile Strength 
Changes of Mortar,” by H. E. Vivian, B.Sc.Agr. “ VI. — ^The Effect of 
Carbon Dioxide,” by A. J. Gaskin, M.Sc. 

Bulletin No. 230. — “ The Preparation and Properties of Aluminium 
Fluoride,” by T. R. Scott, M.Sc. 

“The Commercial Timbers of Australia — Their Properties and 
Uses,” by I. H. Boas, M.Sc. 

“ Handbook of Australian Pelagic Timicates,” by Harold Thompson, 
M.A., D.Sc. 



PLATE 1 


The Variation of Tensile Strength and Modulus of Elasticity of Hoop Pine 
Veneer with the Direction of the Grain. (See page 338.) 



Fig 1 Test rig for specimens Fin 2 Typical failures with the 
loaded at nominal angles of from 221° diiection of loading parallel to the iridin 
to 55 to the giain. of the \eneei. 



‘)0 to the gram ol the veneer 









PLATE 2 


Tests on Small Clear Specimens of North Queensland Kauri. 
(See page 345.) 





Fig. 1- -Typical fractures of centre-point and four-point bending 

specimens. 



Fig. 2. — Typical failures of 
specimens tested in compres- 
sion parallel to grain (large 
prism ) . 






PLATE 3. 


The Nature of Plastic Deformation in Wood at Llevated Tempeiatures 

(See page 361 ) 





(a) Showing a specimen without fiactuie Pitsscd it 1)0 lb si in 
and 140 C 

(h) Sho\ ing i siKcimen with incipient cell wall liac luc in the Ccirl> 
wood 1 lessee! at 1 000 lb sc] in and 160 C 

(c ) Show in 1 siKcinicn with adxinccd li line (f 1h c 11 will 
I i(s fd it 1 J( ) 11) s(i in md JOO C 

(d) I nliigeinent of part of (r) 


PLATE 4 


Note on Probable Ionization by the Giacobinid Meteor Shower. 
(See page 407.) 





Fro 1 The first indications of ionization by the meteoi shower occurred 
on records tor 1300 hours on October 10, 1946 The transient echoes are at 
a height of about 100 icm 
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Fir, 2 At the maximum of shower the records appeared as shown, 
frequently with well-dehned layers” present above 100 km 
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The G>ntroI of Silverhsh and the German Cockroach 

By T, Greaves* 

Summary 

Successful control of silverfish iCtenolepisma longicaudata Esch.) was 
achieved by the application of lJ-2 lb. of 10 per cent. DDT dust in Can- 
berra houses, each containing six to eight rooms. Using a modified hand 
dust-gun, 1-1 i lb. was applied to crevices, behind skirtings, architraves, 
cupboards, &c., and i lb. was applied to the upper surface of the ceilings. 

The importance of the ceiling treatment was realized when failure to 
obtain complete control with repeated applications of 10 per cent. DDT 
dust in the rooms was followed by successful control when I lb. of the dust 
was applied to the upper surface of the ceilings. 

For the control of silverfish infestations in offices, a pyrethrum-DDT 
spray is effective for treating open filing racks, &c., which are in daily 
use. This spray treatment is used to complement treatment with 10 per 
cent. DDT dust, as recommended for houses. 

Re-infestation of houses from wood heaps led to a recommendation 
for the control of silverfish in these places, namely periodic clearing of 
wood debris and treatment of the lower part of the stacked wood with 
i-i lb. of 10 per cent. DDT dust. 

Successful control of severe Infestations of the German cockroach 
(Blatella germanica (L.)) in large kitchens at civilian and service hostels 
was achieved by the application of 3-5 lb. of 10 per cent. DDT dust to 
crevices, especially those occurring in the wanner parts of the kitchen, 
such as around the stove, hot water pipes, boilers, or under sinks. 


I. Introduction 

Womersley (1939) records Ctenolepiama longicaudata Esch. as a 
common pest of houses and libraries in Australia, and Lindsay (1940) 
records this insect from as far north as Claims, Queensland, and as 
far inland as Broken Hill, New South Wales. Notes from Agricultural 
Joumsds in New South Wales, Victoria, and South Australia indicate 
that C. longicaudata is a very common household pest in these 
States. 

When large numbers of silverdsh were required in 1941 for 
laboratory experiments at Canberra, approximately 1,000 were ob- 
tained from Brisbane. These proved to be Ctenolepiama urbana, a 
species described by Slabaugh in 1940. C. urbana has since b^ 
identified from C^berra, but C. longicaudata appears to be the pre- 
dmninant species in the district. 


*An officer of the Division of Economic Entomology. 
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Silverfidi are very common in Canberra. They damage artificial 
silk and paper of various kinds» particularly those containing starch 
or sizing, such as wall papers and photographs. They are especially 
destructive to the flimsy paper used for typing air-mail correspon- 
dence. According to Lindsay (loc. cit.) silverfish cannot live on wool 
or pure silk. 

The German cockroach (Blatella germanica (L.)) is a very common 
pest in the kitdiois of hostels and in homes equipped with a con- 
tinuous hot water service. Heavy infestations developed in Service 
establishments erected in the Canberra district during the war years 
1939-45. The Division of Economic Entomology was asked to help 
deal with these infestations, and it was observed that when a DDT 
dust was applied to the hiding places of the German cockroach, not 
only this pest, but silverfish in addition, were effectively controlled. 


2. Previous Work on Silverfish Control 

Several Australian workers have given attention, at various times, 
to the problem of silverfish control. G. F. Hill, in 1935, initiated the 
investigations carried out by the Division of Economic Entomology. 
Lindsay (loc. cit.) and Swan (1941) have published work on the life 
history, food, damage, and control measures. 

Sodium fiuoride and fiuosilicate dusts are not satisfactory and, 
until the discovery of DDT, baits and sprays offered the most effective 
means of control. The Division of Economic Entomology (Anon. 
1936, 1939) recommended barium fiuosilicate incorporated in a 
sweetened fiour paste, painted onto cards, and placed in cupboards 
and other places where silverfish abound. The persistent use of the 
C.S.I.R. bait cards reduced silverfish populations in many houses to a 
level at which they no longer caused important damage. Both 
Lindsay (loc. cit) and Swan (loc. cit.) recommended variations of the 
above bait. 

Although barium fiuosilicate bait cards have proved efiicient in 
houses, they have been a complete failure in offices where there is a 
superabundance of attractive alternative food. Many thousands of 
cards have been distributed in Canberra offices infested with silverfish, 
but very few have been attacked. To cope with silverfish in Govern- 
ment offices, and in the Parliamentary Library, a high-grade 
pyrethrum spray was recommended, and a regular programme of 
treatment, using a spray containing 0*17 per cent, w/v pyrethrins, was 
initiated, each office being sprayed at approximately six-month in- 
tervals. This spray schedule effected a marked reduction in the 
nuisance, although control was by no means complete. Shortages of 
staff and materials during the war years caused a partial abandon- 
ment of this programme, and silverfish populations steadily increased 
and were regaining pest proportions when the Divisional investiga- 
tions were resumed. 

In the meantime DDT had become available, and its various uses 
werei being investigated. Davies (1946) and others reported promising 
results from preliminary tests against silverfish with DDT sprays and 
dusts cdhtaining 5 per cent. DDT. 
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3. Investigations on the Control of Silverfish in Houses 

The successful control of silverfish that was achieved by the 
application of 10 per cent, DDT* in kitchens, carried out with the 
object of dealing with BlatelUi infestations, has already been men- 
tioned. This led to further tests with this materiaL 

No attempt was made in these tests to compare the efficacy of 10 
and 5 per cent, dusts. It was appreciated that silverfish could probably 
be controlled by the use of a dust containing less than 10 per fient* 
DDT, but it now well established that a concentration of this order Is 
required for the effective control of cockroaches, and therefore it is 
obviously desirable that dusts marketed for use against household 
pests generally should be standardized at the higher strength. More- 
over, it is safe to assume that a 10 per cent, dust will remain effective 
for a longer period than a 5 per cent., thus permitting a longer interval 
to elapse between retreatments. As the labour involved in a 
thorough dust treatment far outweighs the cost of the material used, 
this consideration is of obvious importance. 

The first test treatment was carried out in a heavily infested 
eight-roomed house. A total of H lb. of 10 per cent, dust was blown 
into the crevices behind skirting boards, ardiitraves, picture rails, &c., 
and into the spaces behind cupboards and stored lumber. Numbers 
of silverfish were driven out of their hiding places during the treat- 
ment, and several hours later many displayed characteristic s 3 anptoms 
of DDT poisoning. In the days immediately following the treatment, 
large numbers of dead silverfish were found on the floor of every 
room treated. A total of 483 were collected during the first two days; 
an additional 173 were counted in the third and fourth days, but after 
this the numbers declined, and two weeks after treatment there was 
an average daily count of only ten dead silverfish. The results of the 
treatment of this house are shown graphically in Fig. 1(A), 

A series of tests was then arranged to determine the degree of 
control that could be expected if treatment was carried out by house- 
holders themselves, after receiving instructions on where and how 
to apply the dust. Altogether over forty houses were treated. It 
was hoped to obtain records of the numbers of dead silverfish picked 
up daily in each room over a period of four weeks after treatment. 
Most of the co-operating householders, however, ceased keeping 
records once it was evident that reasonable control had been achieved. 
The amount of dust used per house varied from 1 to li lb., and the 
time of application was left to the occupants. From the results 
obtained it was evident that treatments carried out in daylight were 
as effective as those undertaken at night. 

The records from those houses in which counts were maintained 
provide a good picture of the effect of the treatment.on infestations 
of var 3 dng degrees of intensity. The<r results obtained are represented 
in Fig. 1 (B— J). The numbers of dead silverfish counted, and recorded 
in Fig. 1, do not of course represent the total mortality caused by 
the dust treatment. Many insects must have died in crevices awity 
from sight, and in several houses large numbers of dead silverfli^ 
were discovered behind lumber, &c., when this was moved some weeks 
after treatment. 


* Percentage calculated on p-p' isomer basis. 
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In most of the houses treated, complete control of silverflsh was 
attained, that is to say no evidence ol any survivors was seen after 
a reasonable interval, ihi a few houses, however, small numbers of 
dlverflidi continued to be in evidence. It was noted that these wme 
confined to the upper part of the building, i.e., the walls, &c., above 
the level of the picture rails, and the upper floor of two-storied homes. 
This observation led to an appreciation of the importance of celling 
treatment. 



Fig. 1. — Cumulative mortality curves from silverflsh-infested houses 
treated with 10 per cent. DDT dust. 


After an interval of approximately three months, the houses in 
which silverflsh were still in evidence were re-treated, with the same 
technique and the same amount of dust as were used in the original 
treatments. No marked mortality among the surviving silverflsh 
resulted, and in two of the houses so treated silverflsh continued to 
be seal in the upper parts of certain rooms. By this time it was 
suspected that the surviving infestation was harboured in the roof 
cavity. Accordingly, the upper surface of the ceiling of each house 
was treated, using i lb. of dust. This was followed by a sharp and 
substahtlal increase in the tally of dead silverflsh, and then by the 
complete .disappearance of the insects from the premises. The effect 
of one of these ceiling treatments is shown in Fig. 2. 
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4. Reinfestation from Wood Heaps 

During earlier work connected with the use and distribution of 
bait cards, it was noted that heavy silverfish infestations in houses 
were usually associated with wood heaps, the collection of debris 
at the bottom of which almost invariably harbours a large silverfish 
population. A check in garages with wood heaps adjoining revealed 
concentrations of silverfish on the sides nearest the heaps. An 
analysis of mortality counts from treated houses showed that rooms 
with fires (kitchens, lounges, laundries) provided the highest tallies; 
in no house did a bedroom contain the maximum number of silverfish. 
Dally observations and counts of dead insects carried out in one 
house over a period of 55 days showed that healthy silverfish 
appeared after the replenishment of firewood in the kitchen, laundry, 
and bathroom (which contained a chip heater). 



Fig. 2. — Cumulative mortality curve from a house in 
which the upper surface of the ceiling was treated with 
i lb. 10 per cent. DDT dust, after retreatment of the 
rooms had proved ineffective. 

This evidence confirms that obtained by the author from an 
examination of many wood heaps over the past decade, and leaves 
little room for doubt that infested firewood provides a continual and 
important source of replenishment to the silverfish populations In 
Canberra houses. The author is satisfied that this problem has been 
completely solved in his own home by (i) clearing the wood heap 
site of all debris at least once a year, and (ii) blowing i-i lb. of 
10 per cent. DDT dust into the bottom half of the heap after 
restacking the wood. 

5. Dust Treatment in Houses : Equipment, Technique 
For the application of the DDT dust in a manner that ensures 
its effective penetration into the crevices where silverfish hide, some 
form of blower is essential. The small insecticidal powder applicators, 
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consisting ot a rubber bulb and nozzle, can be used, but they are 
not really suitable. More satisfactory is a hand dust gun of the 
type shown in Fig. 3(A), which was used in the trial treatments 
described in Section 3. For the treatment of narrow crevices, such 
as those behind skirting boards and picture rails, with a minimum 
of mess and waste, a simple modification of the gun is desirable. 
Ihis consists of a small metal fishtail tube, 2-3 inches long and with 
a slit opening i*in. wide and about f-in across, attached by a few 
indies of rubber tubing to the outlet of the duster (see Fig. 3). A 
makediift fishtail can easily be made by cutting off the requisite 
length from the extension tube supplied with the duster, and 
compressing one end to form a slit. If the rubber connection 
mentioned above is replaced by flexible metal gas tubing the efficiency 
of the gun is further increased, as the connection is then sufficiently 
rigid to do away with the necessity of holding the fishtail nozzle 
with a finger when it is desired to direct the dust stream upwards 
or downwards. 



Fig. 3. — A. — Modification of hand dust gun. The metal fishtail outlet 
(i) is connected by a length of rubber tubing (ii) to the outlet pipe 
(fit) of the gun. 

B. — Modification of ^discharge tube of knapsack duster showing 
attachment for reducing width of dust stream. 

For large-scale operations a modified knapsack duster is preferable 
to the small hand gun. The disdiarge tube of this duster is ^own 
in Fig. 3(B), and is described in the section dealing with the control 
of the German cockroach. 

It must be emphasized that the test treat rrcnts described above, 
which resulted in such satisfactory control of silverfish infestations, 
were very thoroughly carried out. The object of the operators was 
to get dust into every crevice likely to harbour the insects. Each 
room was systematically gone through, and dust blown into the 
crevices bddnd skirting boards, architraves, and picture rails, not 
merely here and there, but at close intervals, and in such a manner 
that the dust was driven some distance along the crevice from each 
point of application. Special attention was also given to crevices 
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around fireplaces, and in built-in cupboards, &c.; and dust was blown 
into the qpaces bdiind bookcases, wardrobes, and other pieces of 
massive furniture set dose to the walls. 

To treat the upper surface of ceilings, it is necessary, of course, to 
get into the roof cavity via the manhole. In a small house of 
shape it may be possible for an operator to distribute the dust 
suffidently well while standing on steps with his head and shoulders 
through the manhole. Normally, however, it is necessary to go into 
the roof cavity and to blow the dust about so that it is well distributed 
on settling. 

Examinations of, and reports from, treated houses indicate that 
a thorough treatment with 10 per cent. DDT dust, using the quantities 
and carried out in the manner indicated, should maintain a house 
virtually free from silverfish for a period of twelve months. 

Most samples of 10 per cent. DDT dust handled by the Division 
of Economic Entomology have beoi practically odourless. Some, 
however, have had quite a strong odour, and their use in buildings 
has led to complaints by the occupants. It is desirable to make certain 
therefore, before treating a dwelling, that the dust to be used is free 
from any objectionable odour. 

When treating rooms in which food is exposed or stored, 
precautions should be taken to prevent its contamination. Eatables 
should either be covered or temporarily removed. 

6. Treatifient of Offices 

In some offices, and in certain parts of most of them, the use of 
DDT dust for silverfish control, such as is recommended for houses, 
is quite practicable. Officers of the Division have given demonstration 
treatments in one or two large Government buildings in Canberra, 
with, as far as can be ascertained, very satisfactory results. 

In offices where the main infestation of silverfish, and the material 
that it is desired to protect from damage, is in filing racks, record 
cabinets, &c., that are in daily use, the application of dust Is not 
desirable. For the control of silverfish in sudt offices, the use of 
a spray containing 0-17 per cent, pyrethrins and 4 per cent. DDT 
in deodorized kerosene was recommended to the Curator of Public 
Buildings, in the Department of the Interior, and is now in routine 
use. 

The spray is applied with a power q>ray gun, fitted with a hoific 
which allows the operator to hang* the gun on his belt while 
climbing and moving the ladders required to treat filing radcs. After 
blowing a fine spray into the spaces and crevices, to effect an 
immediate kill of the insects exposed or disturbed, the operator coats 
the tops and sides of the pigeon holes, Ac., with the ipray to leave 
a residual deposit of DDT. The efficacy of the residual treatment 
is indicated by reports of the appearance of deed silverfish weeks, 
and even months, after a building has been treated. 
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1. Tke Use of 10 per cent DDT Dust to Control tke Oermu Cockrooch 

Ibe efficacy of DDT against cockroaches is now wdl established 
andi as was motioned in a previous section, the need for a dust 
containing a concentration of the order of 10 per cent DDT for 
title control of the more resistant German cockroach is now recognized, 
chiefly as a result of accumulated practical experience in the United 
States of America. 

At the time when the Division of Economic Entomology was called 
on to help deal with heavy infestations of the German cockroach in 
the kitchens of Service establishments erected in and near Canberra 
during the war years, information on the properties of DDT was 
still rather rudimentai^. After a 5 per cent, dust had failed, in a 
preliminary trial, to give the degree of control desired, a 10 per cent. 
DDT dust was used in several large-scale treatments, with very 
satisfactory results. 

For these treatments a knapsack duster was used, with the 
discharge tube modified to produce a fine stream of dust at increased 
pressure. The modification consisted of a conical metal attachment 
fitted over the end of the discharge tube, and tapered to a small hole 
of approximately 1-in, diameter (see Fig. 3(B)). The junction 
between the attachment and the outlet tube was bound with adhesive 
tape to prevent the escape of dust. Modified in this way, the blower 
proved extremely effective: it was found that the dust stream could 
be driven a distance of 3~10 yards when required. 

The technique of applying dusts for the control of cockroaches 
is essentially similar to that employed for silverfish control, i.e., it 
is blown into the crevices that provide the insects* daytime hiding 
places. Special attention, however, has to be paid to the crevices 
around ovens, hot-water containers, and pipes, where Blatella tends 
to congregate. 

Between 3 and 5 lb. of dust was used in each of the kitchens 
treated. Many cockroaches emerged from their hiding places while 
the treatment was in progress, and within an hour they were 
distributed over the walls in considerable numbers. For several days 
after the treatment ^ was applied very large numbers of dead and 
moribund insects were swept up from the floor. Immobilization 
apparently took some time, and the erratic movements of the insects 
affected by the DDT necessitated measures betog taken to prevent 
them getting mto food containers. 

Discontinued occupation of many of the establishments prevented 
an assessment of the presistence of the effects of the treatments 
carried out. One of the kitchens treated with 10 per cent. DDT 
dust, however, has remained virtually free of ( ockroaches for a period 
of over two years. 

A trial treatment with hexachlorocyclohexane (“666**) was 
carried out in one kitchen. A dust containing 5 per cent, of the 
Claude material (0*63 per cent, of the gamma isomer) was used. 
Elective control, was obtained, but the odour of the dust was so 
persistent and objectionable that the use of this material could not 
be recommended. 
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Recent Progress with Pdag^c Fishing in Tasmanian 

Waters 

By M. Blaek/mn. and A. M. Cdmu MSe* 

Summary 

The Tasmanian pelagic fishing experiments, which were begun in 1941, 
reached a very promising stage in 1^7. Two commercial-sized catches of 
horse mackerel were made by purse-seine under circumstances which sug- 
gest that much more can be achieved with larger gear. Lampara net 
catches of sprats were obtained more regularly and efficiently than before, 
and this work now has commercial prospects if conducted as an adjunct 
to other operations. Though limited, these results surpass any previously 
achieved in work of this kind in Australia. 

Reference is made to many past difficulties which now seem to have 
been overcome. Such work requires the collaboration of skilled local 
fishermen, whose interest in it is now steadily growing. 

Introduction 

For several years it has been a major responsibility of the CounciPs 
Division of Fisheries to try to demonstrate commercial methods for 
the capture of Australian pelagic fiitii. In spite of the considerable 
abundance of suitable shoals in many areas at certain times, the work 
has been marked by very great difficulties. These arose out of certain 
unsuspected features of the fish occurrences themselves, inexperience 
with the methods, and latterly shortages of manpower and equipment. 
Some small successes were obtained at times, e.g. see Flett (1944), 
but these could not be repeated regularly. It was in 1947 that the 
experiments first achieved any degree of real success, and the follow- 
ing account is given for the possible guidance of others who will be 
doing similar work in the near future. It is hoped that the history 
of the Tasmanian project will indicate that progress can be made 
where there is perseverance, adaptability, and co-operation between 
all interested organizations. At present trade conditions are appro- 
priate for pelagic fisheries development in various parts of Australia, 
especially south-eastern Australia, in a way in which they mostly 
were not before the war, and there are capable fishermen and mer- 
chants who are willing to co-operate in the necessary developmental 
work. Partly for this reason, pelagic fisheries development in 
Australia will now probably be much more rapid. 

The developments in question were concerned with two species in 
south-eastern Tasmania, the horse-mackerel (Trachurua novae- 
eelandiae) and the sprat (Clupea bassenaia). The former is known 
there as mackerel ” and this usage is followed here. Both species 
have been receiving attention from the Division for several years, 
and details of the preliminary catching experiments have been given 
In a previous report (Blackburn, 1943). As was shown in this report, 
these particular fish and their environment were by 1941 revealed to 
be more suited to offshore fishing with large surface nets than any- 
thing else encountered in the eastern Australian region, and a limited 
success was achieved in respect of purse-seining for mackerel in 1943, 
with two catches of which the larger was four tons. Although this 

* An officer of the Division of Fisheries. 
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was very little it represented the best performance with any surface 
net in Australia to that date, and the only successful one by purse- 
seine. 


The Mackerel Work, 1944- 1946 

For various reasons, no further advances were made, and even 
these limited successes could not be repeated in the three seasons 
following 1943. The optimum season for shoaling mackerel in these 
waters is from about February through to June. For the 1944 
mackerel work, two boats operating different types of nets were used. 
The State fisheries vessel Liawenee, a 67-foot boat of the Danish- 
seiner class, worked during April, with a kind of purse-lampara net 
measuring about 330 by 12 fathoms. Mr. H. Watt’s 56-foot ketch 
Mary, which had made the catches of the year before, used a purse- 
seine about 160 by 13 fathoms. This was some 40 fathoms longer than 
than one previously used, which was too short to encircle shoals 
regularly. Owing to the extreme shortage of netting in Australia, 
particularly in the finer mesh sizes, the net was made largely from 
2i-inch mesh webbing with the addition of a limited quantity of finer 
material from the Division. 

No success was achieved by either team, in spite of the presence 
of suitable shoals in adequate numbers. The men on the Liawenee 
found that the great length of their gear enabled them to encircle 
even fast-moving shoals, but the time required to purse a net with 
such a high length ; depth ratio, without sinking the corks, was so 
long that the fish would get out. This difficulty had been foreseen, 
but it was thought it might be overcome by heaving in the wings 
very quickly by hand before pfirsing; however, in practice this was 
beyond a crew of nine men. There was some indication that the net 
might have worked well for fishing in smooth-bottomed waters within 
its own depth (as originally intended by its designers), but this did pot 
altogether meet the circumstances of the mackerel problem and the 
work was not continued. The Mary worked much longer and set her 
gear oftener, but with the same result. The main trouble seemed to 
reside in the mesh size which allowed most of the fish to escape (one 
shoal got away completely in this manner after the net had been fully 
closed and pursed around it), but it also appeared that the net was 
still not long or deep enough to trap any but the quietest shoals. 

After much discussion of these results it was decided that the 
ordinary purse-seine technique still promised favourably if better 
gear could be secured. The Council undertook to import a net, and 
specifications were prepared by those most closely associated with the 
work. An order was finally placed in the United States for a Cali- 
fomia-style purse-seine of 2-inch mesh and approximately 200 by 20 
fathoms. From about this time onwards the Division of Fisheries 
initiated overseas orders for small lots of other nets that seemed 
likely to be useful for future pelagic fishing projects. 

The net did not arrive until September 1945, and so nothing mudi 
could be done in the mackerel season of that year. Actually the Mary 
carried the old net for two months, but this was not expected to 
and did not lead to any very useful result. The season was more or 
less normal as regards fish occurrences. 
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For the beginning of the 1946 season the new purse-seine was 
carried by the Mary, which, as feared, proved not large or well- 
powoed enough for such big gear, and after a short period it was 
transferred to the Liatoenee. It was carried by her for a considerable 
time, but again there was intense disappointment, this time from a 
different cause. For the first time in at least six years, the shoals 
did not appear in their usual numbers, and there were virtually no 
opportunities for setting the net. One reason for concentrating so 
much effort on this particular resource had been that it seemed an 
unusually stable one, the order of abimdance of the shoals being 
practically constant from year to year at the same season, which is 
not so with most of the other pelagic fish occurrences investigated 
in eastern Australia (this question has been discussed in detail by 
Blackburn and Tubb, unpublished). Naturally a non-fiuctuating re- 
source is to be preferred for a long-range series of fishing experiments. 
However, the 1946 season was definitely exceptional for these 
mackerel, probably not so much because of variation in their abim- 
dance in the area as because of a change in their availability at the 
surface where they might be sought by purse-seine, and it appears 
that this was mainly due to the very inclement weather at that time. 
Thus this season also passed without any success being achieved. 

Unfortunately, the unsuccessful results caused a waning of interest 
in mackerel by the trade. Previously, Tasmanian fish canners and 
curers had been rather short of fish, but from about 1944 onwards 
they were able to obtain large supplies of barracoota, and mostly 
had more fish than they could comfortably handle. This turn in events 
was not really unexpected, since Tasmaniam fishermen have always 
been more used to hook-fishing than netting in any form. Indeed 
one of the main troubles with the purse-seine work was the constant 
difficulty of obtaining men who could efficiently handle nets. It was 
hoped to obtain a skilled purse-seine operator from abroad, but in 
the outcome nothing was done. 


The Mackerel Work in 1947 

The situation was eventually relieved because of developments in 
New South Wales, where conditions were very different from those 
in Tasmania. Here, the immediate post-war period found fishermen 
and processors with not enough fish, instead of too many as in 
Tasmania. At the Narooma cannery there had been a shortage for 
years. On the fishermen's side, the abundance of “trawl" fish had 
not greatly improved from their war-time “ resting " as was hoped, 
and indeed what was formerly the main species, tiger fiathead, became 
scarcer than before. This affected the small-boat operators 
particularly, and some of them began to consider undertaking other 
kinds of filling. Unlike the Tasmanians, many of them had had 
considerable net-fishing experience, including with large beach-seines 
for Australian salmon and other species, and it was natural for some 
to think about pelagic net fishing for the shoaling species of their own 
waters. The Division of Fisheries was in fact approached by two 
or three groups of fishermen for loans of gear for this work, whidi 
were all met as far as possible, but the details of only one such 
arrangement, the only successful one to date, are relevant here. 



The vessel was the Eden star, a boat of the Danish-seiner class 
(Fig. 1). She is 61 feet long with 18 feet beam and 9 feet draught, 
and has 102 h.p. with a speed of about 9 knots. The owner, Mr. W. 
Warn, borrowed the mackerel purse-seine from the Division in 
January, 1947, and spent 10 days in Tasmanian waters. An aerial 
reconnaissance located one extensive body of Osh, but a change of 
weather prevented advantage being taken of this. Tests were then 
carried out ne«u: Eden (N.S.W.) for nearly two months. 




a 








Fig. 1. — ^The Eden Star with purse-seine net (Photo, Hobart ** Mercury ”) 


The Eden Star and her crew encountered here all the main diffi- 
culties that the Division had met with in its own work on the mainland 
coasts over several years, namely, much unsuitable weather and 
wildness of the shoals offshore, inadequate depth in which to net 
the quieter inshore occurrences with this gear, and, at the last, the 
disappearance of most of the fish. When it was found that the purse- 
seine was too deep for shooting in Twofold Bay where many of the 
best occurrences were, the men built a purse-lampara or ring-net 
about 250 fathoms long, from material owned partly by the Division. 
With this they made one catch of 2 tons of bonito (Sarda australis, 
the “horse-mackerel” of New South Wales fishermen), which was 
in its way quite notable as being the first haul of any tuna species 
by surface seine in Australia. However, these fish took off before 
anything more could be done with them. Subsequently this net was 
dismantled to yield materials for lengthening the purse-seine by over 
50 fathoms, after it was foimd that the latter would not encircle 
some of the fast-moving offshore shoals, but by the time these 
alterations were made the major fish concentrations had disappeared 
altogether. This made a return to Tasmania appropriate, and the 
vessel arrived there in the last days of March. 
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Madcerel were first observed a few days later In Monroe Bight 
A very large shoal was encirded but it escaped by tearing away 
nearly all of the added lighter netting. Seals added to the damage, and 
considerable repairs were necessary. During the following 9 days’ 
cruise the weather was somewhat unsuitable, and only one good 
occurrence of fish was encountered. This was in Fortescue Bay, in 
the vicinity of the previous attempt, and there was again interference 
by seals, which caused the selected shoal to submerge as the net was 
about to be set. Darkness fell within a few minutes (these mackerel 
often shoal at their best in the last hour of daylight) and there was 
no chance to manoeuvre for a second attempt. The fish were not found 
here thereafter, or elsewhere, and an aerial survey of the whole 
south-eastern Tasmanian area also failed to locate any significant 
occurrences at this time. It might be observed that those responsible 
for the earlier tests had had little regard for the east coasts of the 
Forestier and Tasman Peninsulas (including the localities mentioned 
above) for this work, in spite of frequent mackerel occurrences at 
times. This was because of seals which are particularly numerous 
there, and also the very strong currents which tend to confine any 
surface netting activity to the one or two available bays. 

The next cruise was in the Maria Island area, and on April 23 
a suitable shoal was located and followed for almost 2 hours before 
a favourable opportunity for shooting the net occurred, at 4 p.m. 
This shot was very successful and yielded about 15 tons of mackerel 
averaging 2i lb. The locality was off Oakhampton Bay in about 
22 fathoms, and the sea was calm and general conditions ideal. Six 
days later the second catch, of about 16 tons, was made near Cape 
Bernier, at about the same hour and under similar weather conditions. 
In the early afternoon several shoals were found close inshore, but 
the vessel managed to work one of the larger ones into the deeper 
water where the purse-seine could be used. During the pursing some 
more of the lighter netting, which had again been added to increase 
the length of the net, tore under the weight of fish. In consequence 
a large part of the catch was lost, leaving only the 16 tons which 
were actually got aboard. These fish averaged about 2 lb. 

The fourth cruise of the series commenced on May 5, after repairs 
to the net had been efffected. The Eden Star returned to the Maria 
Island area and had no trouble in locating fish, which were also found 
here in the course of an aerial reconnaissance during the same period. 
Five sets of the net were made but were all unsuccessful. What had 
been suspected on some earlier occasions was now established, that 
the gear as imported was too short to encircle the most active ^oals, 
at least without frightening them so much that they would submerge 
before the net was pursed. It was found in earlier years that the' 
shoals often become livelier, and do not stop up so well at the surface, 
towards the end of the season. However, the successes of the Eden 
Star’s two April hauls were probably also due to the lengthening of 
the net, whereas there was no material left for this on the fourth 
cruise. Finally the net was measured and found to be only 170 
fathoms long instead of the 200 specified. The Division then made 
available some old netting it had in Hobart, and the length was again 
increase to about 200 fathoms. A fifth cruise was made for a few 
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days at tiie end of May near Maria Island, but the shoals found were 
quick and oratic in their appearances and the two shots made were 
unsuccessfuL The Eden Star carried six men throughout her work. 

Comment on the Mackerel Work 

Hie two purse-seine catches made by the Eden Star represented 
the first truly commercial-scale hauls of any pelagic fish by any 
surface net anywhere in Australian waters. Had this performance 
been r^ieated even once or twice more the whole question of the 
suitability of the method in this particular case would have been 
at an end, but what has actually been achieved is in itself extremely 
promising. One might be more doubtful if there was no reasonable 
explanation for the seven subsequent failures, or if it was not 
practically possible to correct what was at fault on these occasions, 
but this is not so. It is quite plain that a net 170 fathoms long 
is too short to take the fish regularly (which incidentally indicates 
that the three-man crew of the Mary did remarkably well to take 
the fish th^ did in 1943 with 120 fathoms), but that a longer one 
is suitable for this purpose. As shown above, it was always thought 
after 1944 that 200 fathoms would be necesseuy, but the crew of the 
Eden Star now believe that as much as 250 fathoms is required to 
cope with all eventualities. As was emphasized in the published 
1943 r^rt, one has to consider the depth of water also in connection 
with the lengthening of the net, because if the length : depth ratio 
very greatly exceeds 10:1 the corkline will sink and release the fidi 
in the pursing process, unless this is so dow as to run the risk of 
loss of fish by their submergence. However, although mackerel may 
shoal in 10 fathoms of water or less, the experience of many seasons’ 
wmrk now indicates that schools also occur fairly often in waters 
of between 20 and 25 fathoms, though much less commonly further 
out. 'Therefore (bearing in mind also that purse-seining can be 
carried out in shallow water if the bottom is smooth) a net of 
maximiun length 250 fathoms and minimum depth 20 fathoms would 
probably meet all the requirements of this work. The maximum 
ratio in this case, 12i : 1, is high, but it is found in some commercial 
Californian nets (see Fry, 1931, p. 19). At the time of writing the 
Division of Fisheries is assisting Mr. Warn to enlarge the present 
gear on these lines, for further work in New South Wales and 
Tasmania. 

The question of what actually constitutes economic filling depends 
on operating costs and available prices for the fish, which may botii 
vary considerably. However, it can be said, for example, that an 
average catch of 15 tons pa: fortnight, i.e., much less than obtained 
by the Eden Star in its period of success, would at present prices 
constitute a very good return for a boat and cre>^ such as was 
operating in this case.. Even if pribes fell, as they might if sudi 
quantities were regularly landed, there would still be some margin. 
However, there is reason to suppose that, with proper gear as 
suggested above, the rate of catch would be hlgho: than this. The 
exp^ence of the Eden Star’s second haul suggests that quantities well 
over 15 tons could probably be taken in a single catdi at times, and, 
furthermore, it is certain that opportunities for setting the net, on 
large dioals under good conditions, would occur oftoier than 
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fortnightly. In the unputdished report by Bladcbum end Tubb 
pMwitioned above, the records of Tawnanian mackoel shoals of several 
teas oQg were very fully analysed, and it was diown that sizea ble 
concentrations suitable for purse*seining were liable to be found 
on an average of 1 in every 5i days, over the 5-month season 
February to June, in nearly every year. Allowing for some diets 
being failures, and for occasional bad seasons such as 1946, it s^n^^ars 
nevertheless that the work might prove very profitable. At any 
rate it has been shown that the method is quite feasible and will 
yield large catches, and, although a demonstration of continuous 
catching has yet to be made, there is no longer much doubt, in the 
mind of anyone associated with the work, that it will eventually 
prove a sustained success in Tasmanian waters. Tests under proper 
conditions will shortly be carried out in New South Wales waters. 
In both States there is now a considerable demand for good quality 
canning fish. 



Fig. 2. — Stern ol the Eden fitar with purse-’selne ready for use. Note 
rings o\ei poit side, with purse-line running through from large coil 
on deck (Photo, A M. Olsen.) 


t. 

Fig. 2 shows the stern of the Eden Star with the purse-seine 
ready for use. It will be seen that there is no turntable and that the 
winch is of the ordinary ‘‘ Danish-seine ” type. An interesting point is 
that the purse-rings hang together over the side and the purse-line 
runs through them from a large coil on the deck. This is not, or 
at any rate was not formerly, the Californian practice with purse- 
seining, although something very similar is done in respect of 
ring-net work (see Fry, 1931, pp. 40-2). Thus the purse-line and 
purse-rings of such nets that were carried on the Division’s vessel 
Warreen, from 1938 to 1942, were always piled in with the leadline 
following Californian practice, and this gave constant trouble with 
the kinking of the purse-line, so that there were many times when 
pursing could not be completed. When Mr. T. Challenger and the senior 
writer commenced their operations in 1942 the other method was 
tried and proved an immediate success, so that it has been used by 
all crews since in this Tasmanian work. 





441 


The localities on the south-east Tasmanian coast that have been 
found particularly good lor mackerel shoals, leaving aside some that 
do not lend themselves very well to purse-seining as noted above, are 
from north to south Cape Lodi, Wineglass Bay, Schouten Passage, 
Oi^ampton Bay, Darlington, Reidle or Halfmoon Bay, Cape 
Bernier (“Hellfire Bluff”), Green Island, Fortescue Bay, Wedge 
Island, and Adventure Bay. The more landlocked waters, su^ as the 
D’Entrecasteaux Channel, and Frederick Henry, Norfolk and 
Blackman’s Bays, are poor areas. Mackerel also occur north of Cape 
Lodi but seem less conspicuous there in shoals. 

The Sprat Work 

Concurrently with the mackerel effort, the Division and its 
collaborators have continued to devote some attention to the question 
of fishing Tasmanian sprats. As a result of the 1947 trials in 
particular, this project can now be regarded as satisfactorily 
established from the trade side, although no very high level of output 
can reasonably be looked for here. The fish are true sprats which 
are very closely related to those of that name that support a sizeable 
fishery in the North Sea and the Baltic, and which before the war 
were available in Australia as canned ” sardines ” or ” sild ” from 
Norway (see Blackburn, 1941, p. 52). Apart from a probably 
erroneous record from South Australia the species has not been 
reported outside Tasmanian waters. It has been found as far north 
and west as Flinders Island and the Tamar River, but in the experience 
of the Division’s officers it is most abundant in Storm Bay and 
adjacent waters. Actually, although shoals have been reliably 
reported elsewhere, the only ones seen in the course of the organized 
survey work have been in the southern waters of the D’Entrecasteaux 
Channel. The limits of the season there are not precisely known, biu 
probably the surface shoals are most numerous from about March 
to June. At this season, it has been found that good concentrations 
are liable to be found on about one day in nine on an average, although 
there is some slight annual fluctuation (Blackburn and Tubb, 
unpublished). 

These sprat shoals were first noticed by the Division's workers 
in 1940, when the Warreen attempted to catch them by lampara net. 
These attempts failed, but in the following year there were a few 
significant catches, including one of about 21 tons. A portion of this 
particular haul on the Hobart wharfs is shown in Fig. 3. The main 
interest in the species up to then had been in their possible utility 
for live bait for tuna, but it was found that the fish could not be 
held alive for this purpose after netting, because of excessive loss 
of scales (see Flett, 1944). However, it was then considered that 
they might serve for canning, and when the special co-operative 
efforts with the Tasn^ian Fisheries Division began in 1942 these 
fish received more attention than mackerel for a time. Further 
lampara work in that year resulted in a few more hauls of significant 
size, and it was decided to attempt to catch them by purse-seine in 
1943. As shown elsewhere (Blackburn, 1943) these trials did not 
succeed, partly because of faults in the net but partly also because 
of relative scarcity of suitable shoals. The main effort was 
immediately turned to mackerel and proved more successful with that 
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fldt uriA th* result that the mhdGerd twtk Ml i^ieef always been 
jggirded as potentially much more Impwtttt Iha 1949 work also 
3haslzed the localized distribution of the sprat and the very 
moderate extent to which it occurred in steeable surface Shoals, and 
It was not long afterwards that It ceased to be regarded as likely to 

f^ve rise to a substantial independent fishery, by any of those 




associated with the tests. 



Fig 3 — Portion of catch of sprats made by the 
Warreen (Photo, J A Tubb ) 

However, the matter was not lost sight of in the following years. 
It had at least been established that the fish could be caught with 
some regularity by lampara net, even though the catches were not 
large and the opportunities for making them not very frequent. 
Some of those who had participated in the experiments realized that 
sprat fishing might at least be profitable if conducted as an adjunct 
to other fishing operations (such as for barracouta and scallops, 
whidi are taken in the soutli Channel waters at the same season), 
especially if the fish could be sold for curing, thus commanding a 
higher price than would be economic for canneries. Practically 
nothing was done in 1944, but in 1945 and 1946 private operators 
conducted some more tests with the lampara and other gear provided 
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by tbe Diviskm. The catches obtained were small, averaging only 
a few hundredweight each, but there were nearly always some fish 
taken. Hie lampara crews of four men were smaUer than at any 
time before, but this number was still imeconomically large for what 
was visualized as an essentially part-time occupation for small boats. 

In the end it was the general opinion that the lampara was the 
appropriate gear, since it was small and light and could be stowed 
away when not required, and brought out, used, and put back without 
much trouble when sprat shoals were encountered. What seemed 
to be required was a special lampara with relatively short wings, 
which would not need so much manpower to haul aboard before the 
fish could escape. Fortunately the Division had previously placed an 
order for some such nets in California, and when these arrived in 
1946 one was allocated to Mr. T. Sward for use in the following sprat 
season on his vessel Valetta. These nets were about 150 fathoms 
long, whereas those used previously had been about 200 fathoms. 
The sprats had for years been remarked as quieter in the shoaling 
state than any other closely investigated Australian pelagic species, 
so that the question of length of net to encircle them was not so 
important. 

This net was carried for about seven weeks in March and April, 
1947. The area of operations was again the south part of the 
Channel. It is not clear how many days were actually devoted to 
searching for shoals, but there were only three on which they were 
found in good quantities. However, on each of these there were 
three hauls of the net around sprats, the total daily captures being 
respectively 2,069, 2,447, and 1,833 lb. There were two negative 
sets and the other individual catches ranged from about 300 to 
1,833 lb. These were of much the same order as obtained previously, 
but the important points are, firstly, the regiilarity with which fish 
were obtained, and, secondly, the small number of men in the crew. 
This was three, except for one haul for which only two were 
available, but which, nevertheless, yielded about 750 lb. The 
operators consider that these results indicate real, if limited, 
possibilities with sprats for commerce. The writers are informed, 
by representatives of a leading food processing firm which is using 
these fish for paste manufacture, that they are particularly suitable 
for that purpose because of their very fine flavour. This is said to 
surpass that of the real anchovies and pilchards of Australian origin 
that are being used for this process by the same company. There 
are also other possibilities on the marketing side, and with a 
satisfactory fishing technique available the question of developing the 
sprat resource can be left to the enterprise of the fishermen and 
processors. 
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Addendum 

Since the above was written, the Eden Star has made two catches of 
18-20 tons of the same “ mackerel ” in New South Wales waters (October 
and November 1947). This followed the lengthening of the purse-seine to 
235 fathoms. 
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Laboratory Methods for Testing the Resistance of 
Textiles to Attack by Fungi 

By G. C. Wade. M.Agr.Sc.* 

Summary 

The pure culture tests used for testing mould resistance of textiles are 
discussed. Memnoniella echinata is used for testing resistance to loss of 
tensile strength^ and Aspergillus niger for testing resistance to loss of water- 
proofness due to micro-organisms. 

Test samples are sterilized by exposure to methyl alcohol, which is 
removed by evacuation in a desiccator or vacuum oven. Samples are then 
rested on mineral salts and agar medium, inoculated, and incubated for 
14 days at 30®C. 

Soil burial tests are also described. Greatest loss of strength occurred at 
80 per cent, of the water-holding capacity, but for routine tests a moisture 
content of 65-70 per cent, was used. The relative merits of the two types 
of methods are discussed. 

I. Introduction 

With the outbreak of war in the Pacific, it became obvious that 
Australian troops would be required to fight in tropical areas, and that 
materials of an organic nature, including cellulosic fabrics, would be 
liable to deterioration through micro-organisms under those conditions. 

It was therefore necessary to develop protective treatments, and 
rapid laboratory methods of testing such treatments were investigated 
as part of this programme. Two main classes of test methods, namely, 
pure culture tests and soil burial tests, had been used previously in 
overseas work and both these methods were studied here, in colla- 
boration with the General Chemistry Section of the Munitions Supply 
Laboratories, Maribymong, Victoria. 

2. Pure Culture Tests 

The principle of these methods is to inoculate the fabric under test 
with a pure culture of an organism known to cause deterioration of 
untreated fabric, under conditions favourable to the organism, and 
after inoculation to determine the effect of the organism on the treated 
fabric or, in some cases, note the amount of the growth of the organism. 

Thom et al. (1934) developed a method in which the fabric, after 
sterilization by autoclaving, was rested on a sterile medium of mineral 
salts and agar and inoculated by a pipette with a spore suspension of 
Chaetomium globosum. After Incubation at 28°-30® C. for 14 days, 
the tensile strength of the fabric was determined. Subsequent 
investigators (Furry et al,, 1941; Greathouse et al,, 1942; Rogers et al., 
1940) have changed details of the method, but it has formed the basis 
of subsequent pure culture tests. 

Following work first conducted by Dr. H. L. Jensen in collaboration 
with the Munition Supply Laboratories, it was found that a number of 
surface moulds are also of importance on tentage since they reduce 
waterproofness of the fabric, and test methods have been developed in 
the course of this work to test efficiency of treatments against these 
tungi, as well as against cellulose-digesting forms. 

♦ Now an officer of the Tasmanian Department of Agriculture; the work 
described was carried out while the author was on the staff of the Victorian 
Department of Agriculture and a member of the Mycological Panel of the 
Scientific Liaison Bureau. 
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(1) Testing Resistance to Attach by Fungi Which Reduce TensUe 
Strength 

TTie method of Thom et al. (1934) was used In the early work, 
except that Stachyhotrya atra was used as the test organism and the 
inoculation was conducted with an atomizer instead of a pipette. 
Stachybotrya atra has also been used by New Zealand workers (Brien 
and Dingley, 1946). Cultures of the strain of Chaetomium globosum 
used in America were not available in Australia at the time, and 8. atra 
was a more powerful cellulose digestor than any of the Chaetomium 
species then tested. Memnoniella ech%nata subsequently replaced 
8. atra in our tests since it was more common on deteriorated cellulosic 
materials returned from the service areas, and had similar activity as 
a cellulose-digesting organism. Greathouse et al. (1942) used 
Metarrhizium glutinosum in their work. 



Fig 1 — Showing refrigerator box containing mineral salts 
and agar medium, and strip of untreated duck which is held 
in place by single cotton thread 



Fig 2 — ^As Fig 1 after cutting cotton thread and 
pressing duck down on to agar. 
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Inoculation with a mixture of fungi was not used as it was demon- 
strated that many of the fungi concerned were antagonistic to one 
another. In one experiment to check this, untreated cotton duck was 
inoculated with Memnoniella echinata, Stdchyhotrys atra, Chaetcymium 
sp., and with combinations of the fungi. It was found that if 
M. echinata was present in a mixed spore suspension it became dominant 
and other fungi were excluded. If duck was inoculated with a mixture 
of Chaetomium and Stachyhotrys both fungi grew in well-defined areas 
and did not invade areas already attacked by the other organism. 
Tensile strength determinations showed that strength of duck inoculated 
with a mixture of Af. echinata and Chaetomium, or with a mixture of 
M. echinata, 8. atra, and Chaetomium, was significantly greater, after 
incubation, than of duck inoculated with M, echinata alone. 

In order to determine whether the antagonism was due to toxic 
materials produced by the fungi, an experiment was conducted in which 
Aspergillus niger, Chaetomium sp., PenicUlium luteum, Af. echinata and 
8. atra were grown on Czapek's solution for 14 days. The cultures 
were then filtered through a Seitz filter and added to Czapek's solution, 
a similar volume of distiUed water being added to another series as a 
control. Flasks containing each filtrate were inoculated with A. niger, 
P. luteum and Af. echinata. After eight days' inoculation, the fungal 
mats were filtered off, dried, and weighed. It was found that 
Stachyhotrys atra produces a toxic principle which inhibits the growth 
of Asyergillus niger and Memnoniella echinata, and P. luteum, a 
principle which inhibits growth of A, niger. Thom et oZ. (1934) and 
Barker et al. (1943) have also found the use of mixed inoculations 
unsatisfactory. * 

Refrigerator boxes of the type shown in Figs. 1 and 2 were used. 
After preparation, the mineral salts medium was distributed to the 
boxes to give a depth of about J in. in each and two glass rods with 
pieces of rubber tubing on each end, to prevent slipping of the rods, 
were placed across the box to hold the ends of strips off the agar (Fig. 
2). In preliminary work on the influence of the medium, etc., two 
strips of untreated fabric each 11 in. by 2 i in. were folded over the rods 
and held in place by a single stitch of cotton (Fig. 1) and the whole 
sterilized by autoclaving for 30 minutes at 18 lb. pressure. After 
autoclaving the thread was cut and the strips pressed down in contact 
with the agar (Fig. 2). In tests of treated fabric, the boxes containing 
media were autoclaved and the fabric separately sterilized by methyl 
alcohol, as described later. 

The work was conducted using Thom's (Thom et al.; 1934) medium 


of the following formula (Medium A): — 

Sodium nitrate .. .. 3 0 g. 

Potassium phosphate (KJHPO 4 ) 1*0 g. 

Potassium chloride . . . . 0-25 g. 

Magnesium sulphate 0*25 g. 

Agar . * . . 10 g. 

Water 1,000 ml. 
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nils medium was compared with that of Greathouse et aL (1942) 
(Medium B). 


Potassium phosphate (K,HPO^) 
Magnesium phosphate 
Ammonium nitrate 
Calcium carbonate 
Sodium chloride 

Iron, zinc, manganese as sulphates 

Agar 

Water 


. . 1-394 g. 

. . 0-740 g. 

. . 1-001 g. 

. . 0-005 g. 

. . 0-005 g. 

. . 0-001 g. 

. . 10 g. 

. . 1,000 ml. 


It was also compared with a medium of distiUed water and agar. 
Mercerized cotton of a breaking strain of 80 lb. per inch width was 
used for the tests, which were conducted as described above. 
Stachybotrya atra was used as test organism and the tests were incub- 
ated for seven days at 30°C. All the tensile strength determinations 
described in this work were made at the Munition Supply Laboratories, 
Maribymong, using a Goodbrand tester. Six replicates were used. 
The results are shown in Table 1. 


Table 1. — Effect of Composition of the Medium on the Detebiora- 
TiON Caused by 8. atra 


! 

Miediiim 

Kean Tensile 
Strength Per Inch 
Width 

pH of Medium* 

Agar-distilled water 

29 

6*0 

l£^um A 

3 

7*6 

Medium B 

5 

6*4 


* Original pH 7*0. 


The analysis of variance as described by Snedecor (1940) was applied to 
the results. 

Difference for significance at 5 per cent, level == 3 lb. 

Difference for significance at 1 per cent, level = 5 lb. 

This test demonstrated the accelerating effect of a mineral i^ts 
medium. There was no significant difference between the results 
with the two mineral salts media and, since much information had 
already been obtained with medium A, its use was continued. 

To determine the influence of the quality of agar on the test, medium 
A was prepared using two different samples of powdered Japanese 
agar, a sample of shredded Japanese agar, and agar of Australian 
manufacture. The test was then conducted in the usual way, using 
twelve replicates of mercerized cotton of initial breaking strain of 80 
Ibl per inch width. They were inoculated with 8. atra and incubated 
for seven days at 30®C. The results are shown in Table 2. All the 
samples of Japanese agar proved equally effective, but the Australian 
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agar was unsatisfactory, because it gave an inferior gel and the 
variability of the results as shown by the standard deviation was con- 
siderably greater than with the other agars. 


Table 2 


Agar Used 

Tensile 

Strength 

Standard 

Deviations 

Powdered Japanese agar A . . 

12*7 

3-2 

Powdered Japanese agar B . . 

9-6 

2-2 

Shredded Japanese agar 

I3t> 

2*6 

Australian agar 

19- f) 

13*6 


Difference for significance at 1 per cent, probability level = 7*2 lb. 
Difference for significance at 5 per cent, probability level — 5*4 lb. 


Agar was in short supply during the war and Greathouse et at. 
(1942) suggested using a solution of mineral salts with a wick of glass 
fabric to support the test material. Glass fabric was not available 
in Australia, but tests were conducted using glass tape wound on a 
broad U-shaped glass rod, and with washed sand, watered with Thom's 
mineral salts solution. The strips lost less strength on sand than on 
agar. The loss of strength on the glass tape frame was not significantly 
different to the loss on agar, but the results were more uniform. 
However, the method was not adopted as it was found that the frames 
could not be cleaned adequately for re-use, and the labour of preparing 
them was prohibitive for routine tests. 

To determine the relative eflBlciency of inoculation with a pipette 
and an atomizer, mercerized cotton was laid on medium A in 
refrigerator boxes in the ustfal way, and twelve strips inoculated by a 
pipette and another twelve by a de Vilbis atomizer, using a spore 
suspension of Stachybotrys atra containing 670,000 spores per cc. 
After incubation for seven days at 30°C., the tensile strengths were 
determined, and it was found there was no significant difference 
between the results obtain by the two methods. 



Fig. 3.— Relation between time of incubation on extent of 
deterioration of 12-oz. cotton duck Inoculated with MemnonieUa 
echinata. 






To determine the effect ot concmtratlon of the spore suspension, 
mercerized cotton strips were inoculated with suspensions of 8. atra 
containing 670,000, 380,000, and 120»000 spores per cc. It was found 
that within these limits the concentration of the suspension had no 
influence on the results of the test. 

To determine the effect of time of incubation on loss of strength of 
cotton duck inoculated with M. echinata and S. atrOj untreated duck 
was rested on medium A and four strips removed after each day of 
incubation and the tensile strengths obtained. The results for 
M. echinata are shown graphically in Fig. 3. With both organisms 
the loss of strength had reached a maximum in fourteen days and 
this was adopted as the time of incubation for routine tests. 

Tests with treated materials were carried out on the material as 
received, and after washing in a water spray for seven days (three and 
a half days each side). It was considered desirable that the leaching 
should be as severe as possible; the seven-day i>eriod was the maximum 
that was practicable for a routine test. The variation in temperature 
of the water spray was unfortunately high (17® dz 5®C.), but there is 
no evidence that this variation is of great significance. 

The volume of work necessitated a restriction in the number of test 
pieces, and experimental work suggested that sufficient data for 
practical purposes could be obtained from the inoculation of three 
strips in each test. 

It was not always possible to determine the tensile strength of strips 
immediately after incubation, and they were therefore sterilized by 
immersion in methylated spirits. 

(ii) Resistance to Attach by Fungi that Reduce Waterproof ness 

Work by Dr. H. L. Jensen (1946) in collaboration with the 
Munitions Supply Laboratories showed that certain Aspergilli and 
Penicillia were able to attack copper soap-treated fabrics and cause 
loss of waterproofness, and reports from New Guinea indicated that 
loss of waterproofness of untreated tentage due to attack by similar 
fungi was a serious problem. Therefore, in addition to testing for 
resistance to cellulose-digesting organisms, it became standard practice 
to test also for resistance to waterproofness-destroying fungi. 

Other workers, e.g. Marsh et al, (1944), have tested the resistance 
of treated fabrics to species of Penicillium and Aspergillus, but have 
relied on noting the amount of growth, and do not refer to the effect 
of the organisms on waterproofness. The work conducted here has 
shown that the determination of the effect of attack of the organism 
on the fabric gives much more reliable results than noting the surface 
growth. 

Aspergillus niger was used as test organism since it was commonly 
found on both treated and untreated fabrics and caused serious loss 
of waterproofness. Four circles, 4 inches in diameter, were sterilized 
with methyl alcohol vapour, and then pressed down on to medium A 
in petri dishes. After inoculation they were incubated for fourteen 
days at 30®C., and the waterproofness determined at Munition Supply 
Laboratories, Maribymong, using apparatus developed there, which 
measured the head of water at which the fabric first idiowed leakage* 
In some of the early work, the circles were sterilized with methylated 
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^irtts after incubation, but it was found that this practice led to 
unreliable results, as impurities in the liquid reduced the waterproof- 
ness of the fabric. Also, elimination of the use of methylated spirits 
obviated any possibility of redistribution of water-repellent substances. 
In practice, therefore, the test samples were dried out after incubation, 
and the waterproofness determined as soon as possible. 

The amount of macroscopically visible mould growth was also 
noted, but it was found that there was little correlation between it 
and the loss of waterproofness. 

(iii) Sterilization Technique 

The use of a sterilization treatment in the testing procedure is 
necessary to avoid the growth of organisms differing in activity from 
the test organism and possibly antagonistic towards it. 

In overseas work, sterilization by autoclaving has been adopted 
generally. It is obvious that autoclaving is unsatisfactory when dei^g 
with fungicides that have a high solubility in water or are volatile, 
and it became evident that autoclaving may also alter the distribution 
of many non-volatile fungicides that have a relatively low melting 
point, e.g. copper soaps. Autoclaving can thus only be safely used 
with a few materials, such as those treated by the cuprammonium 
process. 

It was therefore necessary to examine other methods of sterilization. 
Schweizer (1931) developed a method of sterilizing culture media, in 
the cold, by use of volatile fungicides. He listed various volatile 
fungicides that were effective and described suitable apparatus for 
sterilization. Very much earlier Krais (1919) used chloroform vapour 
to sterilize nettle stems in Getting experiments. Experiments were 
therefore conducted to develop a method of using volatile fungicides 
for sterilization in textile testing. Methyl alcohol was included in 
the tests as Dr. S. D. Rubbo, Professor of Bacteriology, University of 
Melbourne, was using the vapour of this material for sterilization of 
optical instruments. 

In the first experiment, 2-in. square pieces of 18-oz. cotton duck 
were inoculated with a spore suspension of S. afra. Four pieces of 
inoculated duck were immediately placed on the mineral salts and 
agar medium previously described. Four pieces were placed in a sealed 
jar containing a layer of methyl alcohol, four in a jar containing 
xylol, and four in a jar containing chloroform. After exposure to the 
vapour for three hours at room temperature, the pieces of duck were 
removed with sterile instruments and placed on mineral salts and 
agar medium. All samples were then incubated at 30°C. for seven 
days, when they were examined for growth of the organism. Vigorous 
growth developed from the unexposed pieces and the pieces exposed 
to xylol. Methyl alcohol and chloroform gave complete sterilization. 

Chloroform was unsatisfactory because of its softening effect on 
some finishes. The vapoiu's of both chloroform and methyl alcohol 
appeared to be absorbed by the fabric. Because of its lower solvent 
properties, methyl alcohol was preferred and it was considered that 
the amount absorbed was insufficient to affect substantially the dis- 
tribution of any fungicide or water-repellent substance. Further 
experiments were conducted at various temperatures to determine the 
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minimum time required for sterilization by mediyl alccdiol of duck In 
ndildi B. atra had commenced growth. In this series of tests, 18-oz. 
untreated cotton duck was inoculated with Btachybotrya atra and 
incubated for 48 hours at 30°C. to enable the fungus to germinate 
and poietrate the duck. The duck was then exposed above methyl 
alcohol at 20°, 30°, 40°, and 50°C., and pieces removed at hourly 
intervals and placed on mineral salts and agar medium and incubated. 
Under these conditions, sterilization took over 6 hours at 20°, 6 hours 
at 30°, and was effective in 1 hour at 40° and 50°C. 

It seemed possible that sterilization would be less effective witl- 
fabric treated with chemicals, such as copper soaps, which would 
hinder penetration of the volatile fungicides. A test was tlierefore 
carried out in which 12-oz. cotton duck, treated with copper soap, 
was inoculated with Aspergillus niger. It was then incubated in a 
humid atmosphere for 48 hours. Pieces of the duck were then exposed 
to methyl alcohol and chloroform vapour respectively at room tem- 
peratures and at 40°C. and the minimum time for sterilization deter- 
mined. Methyl alcohol was effective in three hours at room tempera- 
ture and in one hour at 40°C. Chloroform was effective in three hours 
at both temperatures. 



Fig. 4. — ^Transfer chamber with vacuum oven In position. 


Strips of untreated duck retained sufficient methyl alcohol after 
exposure to inhibit growth of Stachybotrys atra. It was foimd tliat 
the lAethyl alcohol could be completely removed by transferring the 
fabric, after exposure, to a sterile desiccator, which was placed in an 
oven at 40°C. and evacuated for one hour. 
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The time of exposure to methyl alcohol adopted for routine tests 
was a minimum of four hours at 40°C. or a minimum of twelve hours 
at room temperature. The transfer of fabrics from the vessel con- 
taining methyl alcohol to the sterile desiccator, and the transfer to 
the refrigerator boxes containing the mineral salts and agar medium 
was carried out in a transfer chamber of the type shown in Fig. 4. 
The transfer chamber was first sterilized by atomizing propylene 
glycol on to an electric hot plate, maintained at a temperature of 
approximately 100°C. (Wade, 1947). 

A simplified technique, which eliminates the transfer of strips 
from one desiccator to another, was subsequently developed. The 
strips to be sterilized are arranged loosely in a horizontal vacuum 
oven, fitted with a metal barrier so placed that the fioor of the oven 
acts as a tray, and an outlet pipe flush with the fioor of the oven. 
Methyl alcohol is poured into the bottom of the oven, which is then 
closed. The pressure is slightly reduced, and the temperature raised 
to 40°C. After four hours the pressure is restored to atmospheric 
by passing in air, which has been filtered through cotton wool. The 
outlet valve is opened and the methyl alcohol run out. The valve is 
then closed, the oven evacuated and maintained at 40°C. for one hour. 
After restoring the pressure to atmospheric, the oven is opened and 
the strips transferred to autoclaved refrigerator boxes containing the 
mineral salts and agar medium. This latter operation is carried out 
in a transfer hood which fits on to the end of the vacuum oven. 

3. Soil Burial Method 

According to this method, die fabric under test is buried in soil 
of definite moisture content mid the effect on the strength of fabric 
determined. In the usual procedure the fabiic is buried for a set 
period (Anon., 1942; Bertolet, 1944; United States Army, 1944) and 
then removed and the tensile strength determined, though Batson et aL 
(1944) considered it preferable to determine the time taken for the 
fabric to lose 85 per cent, of its strength, and a similar view is 
expressed by Dean et aL (1945). 

Soil composted according to ordinary greenhouse practice has been 
used in all our tests. This soil has a high organic content, contains 
micro-organisms active in digesting cellulose, and has the texture 
of a sandy loam. 

To determine the optimum moisture content for soil burial tests, 
using this soil, 12-oz. cotton duck strips were buried in soil at 40, 50, 
60, 70, 80, and 90 per cent, of the water-holding capacity, and four 
strips from each removed after 4, 7, 11, and 14 days, and the tensile 
strength determined. The results are shown in Tablets and are pre- 
sented graphically in Fig. 5. 

These results indicated that, when the moisture content was 50-70 
per cent, of the W.H.C., there was little variation in loss of tensile 
strength, but with soil of 80 per cent. W.H.C. deterioration was more 
marked. The rate of loss of tensile strength at 90 per cent. W.H.C. 
was high during the first seven days, but then fell off rapidly. This 
effect is probably explained by the poor aeration of soil approaching 
saturation with water. Growth of micro-organisms (apart from 
0.8834/47.— 2 
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anaerobic bacteria) would therefore tend to decline because of accumu- 
lation of inhibiting materials, such as carbon dioxide, and because of 
deidetion of oxygoi from the soil. 



Fig. 5. — Effect of soil moisture content on rate of loss of strength 
of tensile strength of untreated cotton duck. 


For routine tests, a soil moistened to 65-70 per cent, of its WJI.C. 
was used since it was found that if soil was moistened to the point 
when it felt moist when squeezed between the fingers, but would still 
crumble if dropped from a height of 1 foot on to the bench, it contained 
that amount of moisture. This rough test saved much time in deter- 
mining moisture content accurately by drying and weighing the soil, 
and as the experiment quoted above demonstrates, a slight error in 
that region has little effect on the results. 

The method adopted was to place a layer of the prepared soil of 
correct moisture content, 1 inch deep in the bottom of refrigerator 
boxes. The soil was compacted by tapping the box several times. The 
unsterilized fabric was pressed on to the soil, and a layer of soil half 
an inch deep placed above the strip and compacted. The refrigerator 
boxes were incubated at 30®C. for fourteen days, being weighed twice 
a week during incubation, and water added by spraying to replace 
any loi^s by evaporation. After removal from the soil, strips were 
washed with water, sterilized with methylated spirits, and dried; 
circles were washed and dried. The relevant physical tests were then 
carried out. 



Table 3.— Eftbct of Soa Moisture Content on Rate op Loss of Tensile Strength 
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Overseas procedures demand that fabric be Immersed to a depth 
of 5 inches, probably to ensure constant moisture content and tem- 
perature. It was considered that this precaution was only necessary 
In tests under greenhouse conditions, or when the moisture content 
was not controlled. The use of a shallow depth of soil allows better 
aeration of the soil, and Is more economical of space. 


4. Discussion 

There is considerable difference of opinion as to the value of the 
various laboratory methods of assessing the resistance to attack by 
micro-organisms. This is discussed by Barker et aJ. (1943). 

Soil burial seems the logical method for testing such materials 
as sandbags and cordage, which would normally come into contact 
with soil during service. Some workers, however, consider that soil 
burial or soil suspension methods are of more significance than pure 
culture tests for all materials. From results obtained here, it seems 
probable that most materials which withstand soil burial would also 
withstand pure culture tests, though cases have been noted when the 
loss of waterproofness in the Aspergillus niger test was greater than 
in soil burial tests. However, soil burial would be likely to eliminate 
treatments that would give good results on materials which do not 
normally come in contact with soil. A similar view has been expressed 
by Dean et al. (1945). In service, tentage materials do, on occasions, 
become contaminated with mud, but it is doubtful whether soil burial 
is comparable to such contamination. The soil suspension method 
developed by Furry and Zametkin (1943) would appear to approxi- 
mate more closely to such conditions. Although some workers have 
found difiiculty in reproducing results in soil burial tests, we have found 
it fairly satisfactory in this respect, though close agreement between 
different laboratories cannot perhaps be expected. 

One of the strongest objections to the pure culture tests is that 
fungi more tolerant to fungicides than the test organisms may be 
encountered in the field. For this reason, workers should not restrict 
their attention to one or two fungi. 

Whatever type of test is used, some physical determination such 
as loss of tensile strength or waterproofness should be used as the 
criterion. The amount of visible growth, which has formed the basis 
of some specifications, may be entirely misleading, and it has been 
found that vigorous growth of fungi is not always accompanied by 
loss of waterproofness, nor is the absence of macroscopically visible 
growth always an indication that waterproofness has not been reduced. 

It is probable that the failure to obtain complete correlation ^ 
between laboratory tests and performance in the field is due in largfe 
measure to inadequate conditioning treatments. Our laboratory 
washing tests, while apparently severe, did not cause the loss of as 
much mercury as mild weathering. Washing tests described in over- 
seas specifications and literature generally consist of 24 hours’ washing 
in water at 30®C. In our tests a longer waiting time was employed, 
thougli the temperature was lower. However, tests of this nature are 
suspect since they do not reproduce the alternate wetting and drying 
which occurs in service. 
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For testing new materials it would therefore be desirable to expose 
treated pieces to natural weathering before submitting tiiem to 
laboratory tests. Exposure under tropical conditions would be prefer- 
able» though valuable results may also be obtained under temperate 
conditions. 
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Effect of Some Micro-organisms on the Physical 
Properties of Cotton Duck 

By G. C. Wade. MAgrBc* 

Summary 

The effects of a number of fungi on the tensile strength and water- 
proofness of treated and untreated cotton duck are compared. 

Metarrhizium sp. was the most active species tested, in reducing tensile 
strength of untreated duck. Memnoniella echinata, Stachybotrys atra, and 
Chaetomium globosum were also shown to be very strong cellulose digesters. 

Various Aapergillua and Penicillium species were shown to reduce the 
waterproofness of the cotton duck. 

1. Introduction 

During the war period, numerous specimens of tentage which 
exhibited either loss of strength or waterproofness were received from 
the New Guinea area. These samples were examined for the presence 
of moulds and a considerable number of species isolated. Those species 
isolated frequently from deteriorated materials, or those related to 
species known to cause loss of tensile strength or waterproofhess, were 
tested for those properties. Certain of the fungi which were very 
active in reducing tensile strength were compared carefully to assess 
their value for laboratory tests on rotproofness of cotton fabrics. 

2. Effect on Ll^s of Tensile Strength 

(i) Method 

The tests were conducted using an accelerating medium essentially 
as described by Thom et al, (1934) and with the formula: — 


Sodium nitrate 3*0 g. 

Potassium phosphate l-O g. 

Potassium chloride 0*25 g. 

Magnesium sulphate 0*25 g. 

Agar 10-0 g. 

Water 1,000 ml. 


A layer of the medium about 1 inch deep was poured into the 
bottom of refrigerator boxes. Strips of cotton duck each 2\ inches 
wide and 11 inches long, cut in the direction of the warp, were sus- 
pended above the agar by folding over glass rods, which were 
prevented from slipping by a small piece of rubber, and the boxes then 
autoclaved. 

After autoclaving, the cotton threads holding the strips were cut 
and the strips pushed down in uniform contact with the agar, for a 
length of four inches (see Wade, 1947b^ Figs. 1 and 2). The work was 
conducted in a transfer chamber sterilized with propylene glycol 
aerosol (Wade, 1947a). 

* Now an officer of the Tasmanian Department of Agriculture; the work 
described was carried out while the author was on the staff of the \nctorian 
Department of Agriculture and a member of the Mycological Panel of the 
Scientific Liaison Bureau. 
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Hie strips were then inoculated by spraying, by means of a de 
Vilbiss atomizer, with a spore suspension of the organism tested. The 
boxes were incubated at a tonperature of 28-30°C. for fourteen days, 
and the tensile strength determined. 

(ii) Remits 

The results of tests with a number of organisms are shown in 
Table 1. The figures given are the average of three or more readings. 
As the tests were not all conducted at the same time, the figures are 
not strictly comparable, but only give an indication of the activity of 
the organisms. 

Table 1 


Organism 

Effect on Appearance of Duck 

Percentage Lobs in 
Strength 

Actinomyces sp. 

Cream discolouration of duck. 
Strong earthy odour produced 

80 

Aspergillus niger 

Black growth over surface of 
duck 

NU 

Bacterium (Isolate A) 

No discolouration 

50 

Bacterium (Isolate B) 

No discolouration 

70 

Chaetomium sp. (prob- 
ably C. glohosum) 

Yellow discolouration of duck. 
Abundant dark-grey peri- 
thecia formed on surface 

95 

C. glohosum (culture 
from U.S.A.) 

Yellow discolouration of duck. 
Abundant dark-grey peri- 
thecia formed on surface 

95-100 

Chaetomium sp. (Iso- 
lated from sandbag) 

Yellow discolouration of duck. 
Abundant dark-grey peri- 
thecia formed on surface 

80 

Cladosporium sp. 

Greenish-black discolouration of 
duck. No surface growth 

30-50 

Curvularia (Brachy- 

sporium) sp. 

Brown discolouration of duck. 
Little surface growth 

85 

Fusarium sp. iRoseum 

White surface growth 

25 

section) 



Hormodendron sp. 

Reddish-purple discolouration of 
duck. Slight white and brown 
surface growth 

85 

Memnoniella echinata 

Copious black mould growth 
over surface of duck 

100 

Metarrhizium sp. (cul- 
ture from U.S.A.) 

Black moist growth over surface 

1 of duck 

100 

Penwiillium sp. (sclerote 

No observable effect . . 

Nil 

producing form) 



Penicillium luteum . . 

Green surface growth. Slight 
orange discolouration of duck 

NU 

Pestalozzia sp. 

Grey discolouration of duck. 
Black spore masses on surface 
of duck 

30-50 

Pullularia pullulans . . 

No observable effect . . 

5-15 

Btachyhotrys atra 

Copious dull-black growth over 
surface of duck 

100 

Sterile fungus — Rhizoc- 
tonia type 

Dark-grey discolouration of 
duck. No surface growth 

80-95 

Trichoderma sp. 

Fabric not discoloured. White 
surface growth with olive 
green spore masses 

15 


I 

OurmHaria (Brachysporium) sp. and the sterile fungus were very 
frequently Isolated from tentage from the New Guinea area, and the 
brownish or grey irregular patches caused by them were the most 
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common type of damage noted on samples obtained from the area. 
However, as the results show, they were less active in reducing strength 
of cotton duck than several other fungi, particularly Memnoniella 
echinata, Stachybotrys atra, and certain of the Chaetomium isolates. 
Their growth rate was slower than those latter species, and they 
produced spores less abundantly, so that it was difficult to obtain 
uniform results following inoculation with them. Therefore they 
were not used in routine rotproofing tests. 

Of the very active cellulose-digesters, Memnoniella echinata was 
isolated most frequently. It was particularly common on tentage from 
very humid situations. Stachybotrys atra was not common on tentage 
from New Guinea but was commonly isolated from deteriorated 
cellulosic materials from the Melbourne area. 

Hormodendron sp. was isolated from reddish purple areas on duck. 
Such areas were fairly frequent on duck from similar situations to 
those showing infection with Curvularia sp. and the sterile fungus, and 
it was similar in its capacity to digest cellulose. 



Fig. 1. — Progress of deterioration of 12-oz. cotton duck inoculated 
with various fungi (the curve for Chaetomium glohosum heis been 
omitted because there was no significant difference between the effect 
of this fungus and Memnoniella echinata). 


Pestalozzia sp. was almost universally present on tentage from New 
Guinea, but as the results show, it is not a particularly active cellulose 
digester. 

Pullularia pullulans was isolated particularly readily from samples of 
tentage, which had been treated by the copper soap — ^hot wax method, 
and which had shown extreme loss of strength after use in New Guinea. 
However, inoculation of duck with P. pullulans resulted in little growth, 
and it seems likely that the loss of strength of the samples from which 
it was isolated was primarily due to light-tendering. It is therefore 
not known why Pullularia was so consistently associated with this 
type of breakdown. 
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Thaysen and Bunker (1927) give descriptions of many of these 
fungi and a bibliography of micro-organisms attacking cellulose. 

The data quoted in Table 1 only give an approximate indication of 
the relative activity of the fungi in digesting cellulose. In order to 
determine this more accurately for five of the most active forms, a 
further test was conducted in a similar manner, but four strips were 
removed after incubation for 4, 7, 10, and 14 days. The growth of the 
organisms was stopped immediately by immersing the strips in 
methylated spirits, and the tensile strengths were then determined. 

The results are shown in Table 2, and illustrated graphically in 
Fig. 1. 

Metarrhizium sp. caused more rapid deterioration than the other 
fungi tested. This result is consistent with the work of Greathouse 
et oZ. (1942). Deterioration was least rapid with Chaetomium sp. and 
there was no significant difference between the effects of 8. atra, M. 
echinata, and C. globoaum. 

3. Relative Effect of Fungi on Tensile Strength of Rotproofed Cotton Duck 

Tests were conducted to determine the relative effects of M. echinata 
and S. atra on duck treated by various processes. In these tests the 
fabric was sterilized by methyl alcohol vapour as described in a 
previous paper (Wade, 1947b). The results are shown in Table 3. 
There was no significant difference in the activity of M, echinata and 
S. atra qn the copper treated fabrics tested, except in the case of 
unwashed caustic soda modified copper treated ducks, when ikf . echinata 
was more active. It is of interest to note that Jensen (1946) found 
that M. echinata is slightly more copper tolerant than S. atra. 
However, M, echinata caused significantly greater loss of strength of 
duck, finished to the American specification J.Q.D. 242, than did 
S. atra, 

4. Effect of Various Fungi on Waterproofness of Cotton Duck 

It has been known for a considerable time that a number of common 
moulds, particularly Aspergillus spp. and Penicillium spp. are capable 
of growing on cotton duck (Hardy, 1942; Thaysen and Bunker, 1927), 
The presence of these fungi was considered objectionable for aesthetic 
reasons, but their possible effect on other properties of the duck has 
apparently not been studied previously. 

During the work conducted here, it was noted than these fimgi 
grew vigorously on both untreated and copper soap treated cotton duck. 
Dr. H. L. Jensen, Macleay Bacteriologist, Linnean Society of New 
South Wales, independently noted this fact, and work first carried out 
by Dr. Jensen and the Munitions Supply Laboratories showed that, 
Aspergillus niger was capable of causing loss of waterproofness of 
copper soap treated fabric (Jensen, 1946). 

Tests were then conducted to determine the effect of a number of 
fungi on the waterproofness of untreated cotton duck. 

(i) Method 

F^^ur-inch squares of untreated 18-oz. cotton duck were suspended 
above water in glass jars. The jars were then sterilized by auto- 
claving, and the duck inoculated by spraying with spore suspensions 
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of a number of fungi. After incubation for 14 days, the waterproof- 
ness, in terms of the head of water required to produce leakage, was 
determined at the Munitions Supply Laboratories. The experiment 
was conducted in quadruplicate. 

(ii) Results 

The results are shown in Table 4. 

Table 4. — Effect of Vamous Fungi on the Watbrproofness of 

18-oz. Duck 


Orfiranism 

Waterproofness 

Remarks 

Aspergillus niger ! 

i 

Vigorous black surface growth 

A, penicillotdes 

i 

Vigorous green surface growth 

A, ustus 

2 

Vigorous buff surface growth 

A. glaucus 

1 

Moderate green surface growth 

A, flavus 

2 

Vigorous yellow-green surface 
growth 

A, sydowi 

8 

No obvious growth 

Penicillium luteum 

3i 

Vigorous green surface growth 

Pestalozzia sp. 

5 

Grey stained irregular areas 

Memnoniella echinata 

7 

Vigorous black surface growth 

Cladosporium sp. 

9 

Greenish-black diamond shaped 
areas. No surface growth 

Uninoculated 

10 



Difference for significance at 5 per cent, probability level = 1»5. 
Difference for significance at 1 per cent, probability level = 2*0. 


Aspergillus niger, A, pmicilloides, A. icstus, A. glaucus, and 
A, flavus caused extensive loss of waterproofness. Although Cladc»- 
sporium sp. and Memnoniella echinata grew vigorously on the duck, 
they did not cause marked loss of waterproofness. 

The reason for the effect of these fungi on waterproofness has not 
been definitely established, but it is probable that they destroy the 
oils and waxy materials normally present on the surface of the fibres. 
It is suggestive that the most active fungi are members of the 
Aspergillus and Penicillium genera, which have the ability to break 
down fats and oils (Horowitz- Wlassowa and Liwschitz, 1935), and 
that Eyre (1932) showed that A. niger and A. flavus were more 
powerful in breaking down fats and oils than A. sydoun. 

5. Effect of Fungi on Waterproofness of Rotproofed Cotton Duck 

(i) Method 

Four-inch circles of the treated duck were sterilized by exposure 
to methyl alcohol vapour, and then rested on the mineral salts and 
agar medium described earlier in this report. They were then 
inoculated by spraying with spore suspensions of the fungi. After 
incubation for 14 days at 30®C., the waterproofness was determined. 

(ii) Results, 

The results are shown in Table 5 and demonstrate that both 
Aspergillus ustus and the Penicillium sp. are more mercury tolerant 
than A. niger. A. ustus appears from these results to be slightly more 
copper sensitive than A. niger or Penicillium sp. 
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Fusarium Wilt of Tomato in Australia 

2. Inheritance of Field Immunity to Fusarium Wilt 
in the Tomato (Lycopersicon esculentwn) 

By E. M. Hutton, MSc.,* Margaret Mttls, BSc.,* and J. E. 

Summary 

It has been shown that Pan America is a suitable parent for introducing 
field immunity to Fusarium wilt into new tomato hybrids suited to Aus- 
tralian conditions. The use of Pan America in some crosses leads to an 
improvement in vitamin C content. 

Simple crosses have resulted in the incorporation of field immunity in 
suitable hybrids but multiple crosses containing Pan America in two places 
are recommended. 

The inheritance mechanism for field immunity, although a simple one, 
does not follow the usual course, and appears to be influenced by both the 
female and pollen parent used. 

I. Introduction 

Previous work (Mills and Hutton, 1946) suggested that strains 
of Fmarium bulbigenum var. lycopersici of varying pathogenicity 
existed in Australia. It was demonstrated that Lycopersicon pimpin- 
ellif^ium and the variety Pan America derived from it by Porte and 
Walker (1941) are highly resistant to all the Australian isolates of the 
organism tested. This high degree of resistance to the development 
of the organism jresults in field immunity to Fusarium wilt in Pan 
America. ^ 

Inheritance of immunity to Fusarium wilt in hybrid progenies has 
been studied by Bohn and Tucker (1940) who found that immunity 
depended on a single dominant genetic factor. From crosses they 
developed hybrids homozygous for immunity and having good agro- 
nomic quality, Porte and Walker (1941) using similar methods 
produced Pan America. 

In Australia, Pan America, although producing good quality fruit, 
is a poor yielder under most conditions, and has not been generally 
accepted by growers. The work summarized in this paper shows 
that the field immunity to Fusarium wilt of Pan America is heritable, 
and that by using it ai^ a parent, field immune hybrids suitable to 
Australian conditions can be developed by plant breeders. 

2. Materials and Methods 

Inoculation methods were similar to those used previously (Mills 
and Hutton, 1946). Five- weeks-old tomato seedlings were inoculated 
by dipping the roots in a water suspension of macerated mycelium and 
spores of a highly pathogenic strain of Fusarium bulbigenum var. 
lycopersici grown on a modified Tochnai medium. The seedlings were 
planted in pots in the greenhouse, and 28 days after inoculation were 
rated on the extent of vascular browning (internal rating), as this 
method had been shown less liable to error than rating based on the 
outward appearance of the plant. Average internal ratings of Bonny 
Best ^d Pan America checks used throughout the experiment were 
8-1 and 0-76 respectively. Table 1 gives a comparison between some 
of the Bonny Best and Pan America checks. 

♦ An officer of the Division of Plant Industry. 

t An officer of the Commonwealth Research Station, Merbein. 
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Table 1. — ^Internal Ratings op Fusarium Inoculated Bonny Best 
AND Pan America Checks 


yariety 

Knznber of Plants rated Internally as — 

Total 

P 

P 

» 

1 

2 

» 1 

4 

5 

6 

7 

8 

0 

10 

II 

II 

Bonny Best . . 

1 

1 

1 

5 

8 

8 

14 

8 

27 

24 


64 


339 

41 

96-9 

Pan America . . 

184 

180 

17 

3 

4 

•• 

2 

7 



•• 

397 

96*0 

4*0 


0-2 Vascular browning absent or confined to root system. 
3-10 Vascular browning extending upwards in the stem. 


In the majority of Bonny Best plants vascular browning extended 
towards the tops. These plants and hybrids of similar susceptibility 
were rated internally from 3-10 and were classed susceptible to 
Fusarium wilt. Vascular browning did not extend above ground level 
in most Pan America plants which were thus rated 0-2 as shown in 
Table 1. Pan America and plants in hybrid progenies given this 
rating do not wilt if left growing in the greenhouse and so are classed 
as having field immunity to Fusarium wilt. 

A number of crosses using the field immune Pan America ^re 
made at Canberra. For comparison, an F4 selection of a cross 
between L. pimpinelUfolium and Marglobe received as 42-50-6 from 
Dr. B. L. Wade of United States of America, has been used as the 
field immune parent in other crosses. The susceptible varieties used 
in the Canberra crosses vari^ in resistance to Fusarium wilt and were 
grouped previously (Mills and Hutton, 1946). 

3. Inheritance of Field Immunity to Fusarium Wilt in the Progeny of Crosses 

(i) Crosses between Susceptible Parents 


Table 2. — Numbers of Field Immune and Susceptible Plants in the 
Progeny of Crosses between Susceptible Parents 


Variety 

No. of 
Lines 

Genera- 

tion 

Field 

Immune 

Sus- 

ceptible 

Total 

Rouge de Marmande (R.D.M.) x Pear- 
son 29-17 


F2 

.38 

216 

253 

Rouge de Marmande (R.D.M.) x Pear- 
son 29-17 

.5 

F3 

31 

169 

200 

Rouge de Marmande (R.D.M.) x Pear- 
son 29-17 

2 

F4 

K 

44 

45 

Vetomold (V.) x Rouge de Marmande 
(R.D.M.) 

^1 

F3 


19 

19 

Pearson x Earliana 

6 

F3 

4 

114 

118 

Bounty x 926-142-1 (Wade) 

7 

F3 

10 

283 

293 

Tatinter z 926-142-1 (Wade) 

11 

F3 

4 

434 

438 

Tatura Dwarf Qlobe x 926-142-1 (Wade) 

10 

F3 

11 

407 

418 

(V. X R.D.M.) X Riverside . . 

3 

F3 

. . 

53 

53 

[V. X B.D.M.) z Pearson . . 

6 

F3 


106 

106 

(R.D.M. X Pearson 29-17) x R.D.M. 


FI 


89 

89 




99 

1,933 

2,032 








m 


Table 2 shows that the majority of plants In byMd progenies 
from crosses between susceptible parents are field susceptible. Most of 
the field Immune segregates are In the Pearson 29-17 cross, Indicating 
that If sufl3cient hybrid work were done with this less susceptible 
parent, Held immune hybrids of good agronomic quality nught be 
produced. It is considered that a large proportion of the field immune 
plants in Table 2 come within the experimental error, since 4 per cent, 
of Bonny Best plants are classed as field immune in Table 1. 

(ii) Crosses between a Field Immune and Susceptible Parent 

The results in Table 3 show that in the first generation field 
immunity is completely dominant over susceptibility. 


Table 3. — ^Numbers op Resistant and Suscbptiblb Plants in the FI 
OP Crosses between Susceptible Parents and the Field 
Immune Parents Pan America and 42-50-6 (Wade) 


Variety 

Genera- 

tion 

Field 

Immune 

Sus- 

ceptible 

Total 

Bounty x Pan America (P.A.) 

FI 

40 


40 

Tatinter x P.A. 

FI 

20 


20 

Bounty x 42-60-6 

FI 

81 


81 

Tatinter x 42-60-6 

FI 

88 

i 

89 



229 

1 

230 


Tables 4 and 5 show the numbers of field immune and field sus- 
ceptible segregates in the F2 and more advanced progenies of crosses 
between the susceptible varieties Rouge de Maurmande, Bounty, Tatinter, 
and Tatura Dwarf Globe, and the field immune male parents Pan 
America and 42-50-6 (Wade). The F2 progenies, were tested in the 
greenhouse without field selection. All other progenies, with the 
exception of one, resulted from agronomic selections in the field. The 
exception is the F3 progeny marked G.H. in the Rouge de Marmande x 
Pan America cross. This resulted from F2 plants not given an 
internal rating and which did not succumb to Fusarium wilt in the 
greenhouse. 


Table 4. — Numbers op Resistant and Susceptible Plants in the 
Progeny of Crosses between a Female Susceptibl^e Parent 
AND the Field Immune Male Parent Pan America 


Variety 

i 

No. of 
Lines 

Genera- 

tion 

Field 

Immune 

Sus- 

ceptible 

Total 

R.D.M. X Pan America (P.A.) 


F2 

438 

67 

496 

R.D.M. X Pan Amenca (P.A.) 

i? 

F3 

664 

104 

668 

R.D.M. X Pan America (P.A.) 

20 G.H. 

F3 

323 

28 

361 

R.D.M. X Pan America (P.A.) 

5 

F4 

464 

68 

622 

R.D.M. X Pan America (P.A.) 

5 

F6 

321 

34 

366 

Boui^ty X P.A. 

. . 

F2 

79 

17 

96 

1 

F3 

1 

42 

43 

Tatinter x P.A. . . 


F2 

406 

29 

434 


8 

P3 

277 

74 

361 

Taturai Dwarf Qlobe x P.A. 

, . 

P2 

317 

38 

356 

2 

F3 

69 

19 

78 




3,238 

610 

3,748 
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The important points illustrated by Tables 4 and 5 are the pre- 
ponderance of fidd immune plants in most progenies and the Ugh 
proportion of agronomic field selections with immunity to Fusarium 
wilt. The greater than 3 : 1 ratios of field immune to field susceptible 
plants in the F2*s are difficult to explain on the basis of the operation 
of a single dominant gene as shown by Bohn and Tucker (1940). A 
simple type of inheritance must be involved since Table 3 shows domi- 
nance to be complete in the FI. Bohn and Tucker (1940) noted a 
number of cases with a higher proportion of immune progeny than 
expected when the Fusarium immune parent was the male. To explain 
this they considered the factor for immunity to be linked with a 
factor infiuencing the effectiveness of the microgamete. It is possible 
that the greater than 3 : 1 ratios in Tables 4 and 5 could be explained 
on this basis as in all instances the field immune parents Pan America 
and 42-50-6 were used as the male. No reciprocal crosses of those in 
Tables 4 and 5 were made so that the h 3 ^othesis of Bohn and Tucker 
(1940) could not be fully tested. The preponderance of the field 
immune factor is more marked when 42-50-6 (Wade) is used as the 
pollen parent. There is some indication that different female sus- 
ceptible parents may infiuence the number of field immune progeny 
produced in crosses with field immune male parents, so that modifying 
factors may be operating. 


Table 5. — ^Numbers op Resistant and Susceptible Plants in the 
Progeny of Crosses between a Female Susceptible Parent 
AND THE Field Immune Male Parent 42-50-6 (Wade) 


Variety 

No. of 
Lineg 

Genera- 

tion 

Field 

1 Immune 

SU8> 

ceptible 

Total 

Boont j X 42-60-6 


F2 

346 

2 

348 

3 

F3 

89 

42 

131 

Tatinter x 42-60-6 


P2 

373 

16 

388 


3 

F3 

127 

4 

131 

Tatura Dwarf Qlobe x 42-60-6 


F2 

469 

39 

608 


4 

F3 

143 

40 

183 




1,647 

142 

1,689 


The excess of resistant types makes the problem of combining 
agronomic suitability and field immunity to Fusarium wilt easier. In 
the Rouge de Marmande-Pan America cross of Table 4, the F2 had a 
preponderance of field immune plants, so that a high proportion of the 
seventeen F3 lines field selected for agronomic quality had the immune 
character. Inoculation in the greenhouse showed that eight lines 
were homozygous for field Immunity, seven heterozygous for field 
immunity, one heterozygous susceptible, and one homozygous sus- 
ceptible. Of the twenty F3 lines selected from the F2 in the greenhouse 
for field immimity, nine were homozygous and eleven heterozygous 
for this character. On this basis it does not appear advantageous to 
select file F2 in the greenhouse for field immunity to Fusarium wilt. 
The inheritance pattern of field immunity to Fusarium wilt is main- 
tained throughout the different generations of the Rouge de Marmande- 
Pan America cross and the other crosses of Tables 4 and 5. That its 
basis is sound is s^own by the fact that field immune hybrids evolved 
by this technique have remained free from Fusarium wilt under 
conditions of widespread field infection of susceptible varieties. 
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(ill) Multiple Crosses Including One or Two Field Immune Parents 

Table 6 gives the numbers of field immune and susceptible plants 
occurring in the progenies of multiple crosses containing one and two 
field immune parents respectively. The second cross containing both 
42-50-6 (Wade) and Pan America gave the greatest numbers of 
resistant parents. Multiple crosses like the first in Table 6 are of 
little practical use as it would be difficult to select the desired com- 
bination of agronomic quality and field immunity to Fusarium wilt 
from the progenies. 


Table 6. — ^Numbers op Field Immune and Susceptible Plants in 
Multiple Crosses Involving One or Two Resistant Parents 


Variety 

Genera- 

tion 

Field 

Immnne 

Sus- 

ceptible 

Total 

(V. X R.D.M. X Pearson 29-17) x 
(V. X R.D X P.A.) 

F2 

26 

473 

498 

(42-60 X V. X R.D.M.) x (V. x R.D JI. 

X P.A.) 

F2 

438 

105 

543 



463 

678 

1,041 


4« Field Performance of Fusarium Wilt Immune Hybrids Developed 

from the Crosses 

Table 7 gives the field performance in the C.S.I.R. plots at Red 
Cliffs, Victoria, of some of the advanced hybrids showing field immunity 
to Fusarium wilt. These hybrids were developed from the crosses 
shown in Tables 4, 5, and 6. In the trial plots 16 plants of each 
variety or hybrid were randomized in each of six blocks so that 96 
plants of each were transplanted. During the 1946-47 season 
Fusarium wilt was prevalent so that the yielding ability in lb. per 
plamt in Table 7 reflects to some extent the resistance to Fusarium 
wilt of the various varieties and hybrids. Pearson 29-17 has been 
the outstanding variety in replicated trials at Red Cliffs over a number 
of years and is taken as the standard by which new varieties or 
hybrids are evaluated. ' 

Of the advanced hybrids in Table 7, 7A-2-1, 12A-1-1, 12A-6-1, 
and 12A-8-1 yielded more heavily than Pearson 29-17, none of the 
differences being statistically significant. On the basis of first grade 
fruit over 2J in. in diameter, 7A-2-1, 12A-6-1, and 12A-8-1 gave 
higher yields than Pearson 29-17, the differences lacking significance 
as before. The hybrids 5A-3-1, 5A-4-1, and 12A-7-1 were still segre- 
gating a number of Fusarium wilt susceptible plants, whereas the other 
hybrids were almost fixed for field immunity although showing segre- 
gation for agronomic type. 

In Table 7, Pearson 29-17 is among the lowest in vitamin C content. 
This is in accord with previous results from replicated trials carried 
out for several years at Red Cliffs. In these, Pearson 29-17, Rouge de 
Marmande, and Adelaide Dwarf Red have given average vitamin C 
contents from 35-38 mg. per 100 g., whereas Pan America, Grosse Lisse, 
and Riverside have ranged from 45 to 48 mg. per 100 g. Pan America 
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has usually been the best variety for vitamin C. The results in Table 
7 indicate that the high vitamin C content of Pan America is heritable, 
since the last four hybrids, particularly 12A-7-1 and 12A~8-1, are 
among the best in this respect. At the second harvest all the advanced 
hybrids had significantly greater vitamin C contents than Pearson 
2 ^ 17 . 


Table 7. — ^Yield and Vitamin C Content op Fusarium Wilt Immune 
Hybrids in Comparison with Standard Varietibs at Red Cliffs, 
1946-47 Season 


Variety 

Cross 

We 

ight of Fruit 
ib./piant 

Average 
Vitamin 0 
Content in 
mg./lOO g. 

Fruit 

over 

21 in. 
diam. 

Fruit 
less than 
21 in. 
diam. 

Total 

Ist 

Harvest 

2nd 

Harvest 

Adelaide Dwarf Red 


2-7 

1*1 

4-9 

41*76 

39*67 

Pearson 29-17 


4-4 

31 

9*1 

38*07 

30*49 

Riverside . . 

. . 

30 

1*6 

6*4 

46*08 

47*39 

Red Cloud 


31 

1-2 

6*3 

43*90 

40-26 

6A-a-l 

Rouge de Marmande 







X 42-60 (Wade) 

0-6 

3*9 

7-7 

36*66 

43*26 

5A-4-1 

Rouge de Marmande 







X 42-60 (Wade) 

0*6 

2-6 

6*2 

36*34 

46*64 

7A-2-1 . . 

( Vetomold x R.D.M.) 







X Pan America 

4-8 

3-2 

9*9 

27*19 

43*64 

10A-4r-l . . 

(Vetomold x R.D.M.) 


1 





X 42-60^^Wade) 

0-3 

3-6 

i 81 

39*76 

46*34 

12A-1-1 . . 

R.D.M. X Pan 

I 

1 





America 

1-7 

5-8 

9-7 j 

40*14 

46*46 

12A-e-l . . 

R.D.M. X Pan 







America 

60 

3-4 

11*0 1 

43*29 

42*27 

12A-7-1 . . 

R.D.M. X Pan 







America 

3-6 

1*6 

6*8 

64*33 

46*79 

12A-8-1 . . 

R.D.M. X Pan 







America 

4-8 

30 

1 10*4 1 

60*08 

46*41 


In yi€ld min. diff. for significance at 5 per cent, point 2*8 lb. 

Jn vitamin C min. diff. for significance at 5 per cent, point = 8*04 mg. 


5. Discussion 

For plant breeders, the important point shown by this paper is 
the relative ease with which the combination of field immunity to 
Fusarium wilt and good agronomic quality can be achieved by the 
use in crosses of the easily available variety Pan America. It appears 
that with its use hybrids with yields as good as standard varieties 
can be developed. There is also the possibility of an improvement in 
vitamin C content with Pan America hybrids. 

The preponderance of field immune segregates in the crosses 
described is a puzzling feature of the work. Until further experiments 
are done it is not possible to understand fully the mechanism involved. 
Until proved otherwise, it is best to use Pan America as the pollen 
parent. The work described gives an indication of the results that 
can be expected with different types of crosses. The backcross method 
has not been used as it is considered that, with the possible exception 
of Pearson 29-17, most of the standard varieties need agronomic im- 
provement as well as improvement in disease resistance qualities. 
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Although the simple cross involvii^ a susceptible and field immune 
parmt has been largely used lor the purpose of this paper it is possiUy 
not the best type of cross for the plant breeder to use. Multiple drosses 
as shown in Table 6 including four or more varieties have a greater 
diance of improving the tomato agronomically as well as introducing 
field immunity to Fusarium wilt. It is well known that many of the 
desirable agronomic characters are dependent on the operation of 
multiple factors, so that improvemaits in agronomic type are more 
llkdy to result from multiple crosses containing several varieties with 
the desirable characters. Where multiple crosses are used, it is 
apparent that to introduce field immunity to Fusarium wilt in a suf- 
ficient proportion of segregates. Pan America should occur in at least 
two places. 

Where field Immunity to Fusarium wilt is being introduced into the 
segregates of crosses, agronomic field selection shoiald be followed by a 
test of field immunity to the disease by a greenhouse technique along 
the lines described. It is inadvisable to rely on selection for immunity 
to the disease under conditions of field infection, as the development of 
Fusarium wilt in plants growing in the field is greatly influenced by 
environmental conditions. 
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The Sub-surface Atmosphere of Wheat Infested vrith 
Rhizopertha dominica F. 

By R. F. Pawning, AS.T,C* 

Summary 

The results of some studies on the composition of the sub-surface 
atmosphere and insect distribution in Victorian bulk-wheat depots are 
presented, together with data from laboratory experiments. 

In laboratory studies, the carbon dioxide concentration reached 15 to 
20 per cent, when an infestation of Rhizopertha dominica F. was started 
either at the surface or deep in the wheat contained in tall narrow Jars. 
A surface infestation distributed itself evenly through the wheat and 
produced a large number of second generation adults, but any insects 
leaving the vicinity of the wheat surface were killed. The insects in a 
deep infestation showed no tendency to migrate away from the high 
carbon dioxide concentration in the bottom of the jar, some surviving an 
atmosphere of between 10 per cent, and 18 per cent, carbon dioxide for 
eight weeks — but there was an almost complete absence of second 
generation adults. 

Analyses of the intergranular atmosphere of stored bulk-wheat did not 
reveal gases other than the normal constituents of air. Carbon dioxide 
increased owing to respiration processes within the wheat bulk, and the 
oxygen varied in a complementary manner. In the heavily infested wheat, 
the carbon dioxide concentration rose to about 2*5 per cent, in the vicinity 
of the maximum insect population (consisting mainly of Rhizopertha 
dominica F.). The temperature of both infested and uninfested wheat 
varied in the same manner as the carbon dioxide. 

t. Ifitroduction 

The restriction of the insect infestation to the periphery of bulk- 
wheat has been described by Wilson (1945a), and it has been shown 
that the phenomenon may be satisfactorily explained by the presence 
of unsuitable temperature-humidity conditions beneath the wheat 
surface (Wilson, 1945a, 1947; Birch, 1945). However, before the 
true explanation had been demonstrated, it w^as thought that the 
apparently uninhabitable zone in the wheat might be due to toxic 
constituents in the intergranular air. Abnormal carbon dioxide or 
oxygen concentrations were considered likely to be contributing 
factors, and the data obtained in analyses of the sub-surface atmos- 
phere of stored bulk-wheat are presented in this paper. 

The laboratory experiments described in the next section were 
undertaken to determine, under somewhat simplified conditions, the 
nature and extent of the cheuiges in the intergranular atmosphere 
caused by a developing insect population, and the effect of these 
changes on that population. 

2. Laboratoiy Studies 
(i) Experirnental Technique 

Rhizopertha dominica F., being the most serious pest in bulk- 
wheat in Victoria, was chosen for these laboratory experiments, 
which were planned as complementary studies to the field experl- 
ments. The test insects were 0-7 days old and reared in the 
*An officer of the Division of Economic Entomology. 
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iBborutory under controlled conditions. The experiments wete carried 
out at 90^F. (32^C.) and 65 per cent RJI. in cylindrical glass Jars, 
5 tt. tall by 3 in. internal diameter, SUed to the top with conditioned 
wheat and covered with fine wire gauze lids. To facilitate the Insect 
counts, discs of wire gauze, of sufficiently large gauge to permit free 
movement of the insects, were inserted at one foot intervals in the 
jars as they were filled; lengths of i-in. glass tubing, embedded in the 
wheat to the appropriate depth, served for drawing the gas samples. 
Infestations were initiated by the addition of 500 adult insects to 
either the top or the bottom of the jars. In both series of experiments 
observations were made on separate jars after periods of 3, 7, and 
10 days, and 2, 4, 6, and 8 weeks, the population count terminating 
each experiment. 

A Haldane gas analysis apparatus was used for the carbon dioxide 
analyses, samples being taken in duplicate and their mean used for 
the graphs. Each foot of wheat was examined separately for live 
and dead insects, the results being recorded as histogram blocks in 
the illustrations. 

(ii) Carbon Dioxide Bulid-up in Insect-free Wheat 

As a check on carbon dioxide production in wheat by micro- 
organisms or by the respiration of the wheat itself, two jars were 
set up with wheat of low moisture content (9*24 per cent.) and 
two with wheat of relatively high moisture content (11*4 per cent.). 
One of each of these was hermetically sealed, the other left open, 
and the intergranular air analysed for carbon dioxide after a four- 
week period at 90°F. (32°C). The sealed relatively moist wheat 
produced a concentration of 2*4 per cent, caurbon dioxide, but both 
of the jars containing dry wheat and the unsealed jar with the moist 
wheat developed less than 0*5 per cent. 

This is in agreement with figures quoted by Dendy and Elkington 
Cl920) who showed, when using a smaller quantity of a dry wheat 
under slightly different conditions, that the concentration of carbon 
dioxide after seven days was 0*48 per cent, 

(iii) Behaviour of a Surface Infestation 

When placed on the surface, the insects showed a strong tendency 
to move downwards, anddn a few days live insects were found in all 
depths of the wheat. After about four weeks, there was little further 
insect movement and a high mortality occurred together with the 
high carbon dioxide concentration which had reached 15-20 per cent. 

When it was found that anomalous carbon dioxide figures, not 
comparable with the smooth trends shown in the other experiments, 
were revealed in the four-weeks experiments, this was repeated 
(four weeks B). The histograms ^ow that, although the total insect 
population and its distribution was much the same as in the original 
four-weeks jar, only those insects which remained near the surface 
survived. Ihe only explanation that can be offered for this difference 
is that, for some reason, breeding in the first jar is subnormal and 
irreguku*, whereas in the duplicate jar normal numbers of late-stage 
larvae* were present, which might be expected to raise the carbon 
dioxide concentration markedly. Howe and Oxley (1944) have 
shown that fourth instar larvae of Calandra produce more than three 
times as much carbon dioxide as any other stage, and it is possible 
that a similar relation exists in Rhizopertha. 
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Fig. 1. — Changes in carbon dioxide concentration and insect distribution 
in tall glass jars when infested at the surface with Rhizopertha 
dominica F. 

(iv) Behaviour of a Deep Infestation 

In the deep infestation there was an immediate increase in carbon 
dioxide concentration in the lower parts of the jar, but the insects 
showed no tendency to migrate up through the wheat away from it 
All the insects lived in an atmosphere of 10-15 per cent, carbon 
dioxide for 11 days, and some were alive after 8 weeks in an atmos- 
phere of 10-18 per cent, carbon dioxide. 


3 PAYS 7 PATS 10 PAYS U PAYS 4 WllS (A) 4 WAS (P) 0 WA& B WHS. 



478 


Contraiy to the results of the surface infestation, very little 
breeding occurred under these conditions, the counts indicating an 
absence of second generation adults at six weeks; in the eight-weeks 
count the increase was only about 30 per cent. 

3. Studies in Bulk'wbeat Depots 
(1) Experimental Technique 

The war-time bulk-wheat storage depots in Victoria consisted 
of two huge sheds, each about 1,000 ft long by 200 ft. wide, in which 
the wheat, to the extent of several million bushels, formed a 
continuous heap, retained by bulkheads of heavy timber. Infestation 



Fio. 2. — dhanges in carbon dioxide concentration and insect distribution 
in tall glass jars when infested at the bottom with Rhieopertha 
dominica F. 
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consisted mainly of Rhizopertha dominica F., but in certain situations, 
considerable numbers of LatJiefticua oryzae Waterh. and small numbers 
of other insects were present (Wilson, 1945b). 

In selecting sites for the collection of the analytical data, areas 
that had been recently fumigated or that were close to a bulkhead 
or the crest were avoided. The gas samples were taken at the centre 
of an infested area with the aid of a levelling bulb and suitable 
lengths of i-in. diameter copper tubing. The analyses were carried 
out with a Sleigh portable gas analysis apparatus. 

Temperatures at various depths in the wheat were determined 
by thermometers attached to wooden probes. A special metal probe 
of 1-in. internal diameter, subdivided into 6-in. sections, was used for 
sampling the grain at different depths and determining the distribu- 
tion of the insect population. The numbers of live and dead insects 
s^>arated from the samples so obtained are included in the form of 
histograms in Figs. 3 and 4. 

(ii) RemlU of Observations and Analyses 

Typical sets of figures are presented to illustrate the variations 
in carbon dioxide, oxygen, temperature, and insect numbers with 
depth of wheat. They were obtained from: — 

(a) Insect-free wheat, 1942-43 season, ‘*No. 6 Pool” (15-18 

months in storage) ; and 1943-44 season, ” No. 7 Pool ” 

(3-6 months in storage). 

(b) A light infestation. 1941-42 season (27-30 months in 

storage). 

(c) A medium infestation. 1941-42 season (27-30 months in 

storage). 

(d) A heavy infestation. 1941-42 season (27-30 months in 

storage). 

In both lots of insect-free wheat (Fig. 3a) the temperature and 
the carbon dioxide rose gradually from a low value near the surface 
to become constant below about 3 feet, but, while the curves were 
similar, the 1943-44 wheat was slightly cooler and had a lower carbon 
dioxide concentration. 

With the appearance of a light infestation (Fig. 3b) the character 
of both the carbon dioxide and the temperature curves changed 
markedly. Insects were found throughout the whole depth sampled, 
but most of them were concentrated within 18 inches of the surface. 
This distribution was reflected in an increase in the percentage of 
carbon dioxide and the temperature, the oxygen concentration diowing 
a corresponding decrease. 

In Figs. 4a and 4b are presented data from a medium and a 
heavy infestation respectively. The insects were more numerous, 
though fewer at depths below two feet than in the light infestation. 
The graphs of carbon dioxide and temperature show much higher 
values, and the oxygen concentration is lower, than in Fig. lb, but 
the curves are essentially similar, i.e., the maxima and minima occur 
at a depth in the wheat corresponding to the position of highest insect 
population. 





6CPTM OF WHEAT IN INCHES 


Fig. 3.~(a) Variation in carbon dioxide concentration and temperature 
with depth in cool uninfested wheat. 

(6) Variation in carbon dioxide and oxygen concentration, tem- 
perature and insect numbers in a light Infestation. 
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Q. MEDIUM INFESTATION. BAY 22K NQl DEPOT. 



b, HEAVY INFESTATION. BAY 27H NO I DEPOT. 



... ^ w n 

Fig. 4. — (a) Variation in temperature, carbon dioxide concentration, and 


insect numbers in wheat with a medium infestation. 

(b) Variation in temperature, carbon dioxide and oxygen concen* 
trations, and insect numbers in heavily infested wheat. 


H OXV6CM 
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4. Dbcottieti 

It is reported that in Western Australian depots whm infestations 
generally are much more sev&re than in the Victmian depots, carbon 
dioxide concentrations of about 5 per cent, occurred (Wi^n, 1945c}. 
Oxloy and Howe (1944) made many deteraoinations of carbcm 
dioxide in intergranular air of infested grain, and foimd that the 
ocmcentration was normally less than 1 per coit. also state, 

however, that where the infestation is heavy, and a considerable bulk 
of wheat is heating, concentrations of 4-5 per cent, may occur. In 
Victoria, a large number of analyses were carried out on samples 
from wheat \mder various conditions of Infestation, but on no 
occasion was the carbon dioxide concentration higher than 3 per cent., 
or the oxygen figure more than 3 per cent, below normal. Analyses 
for carbon monoxide, aldehydes, zind hydrocarbons showed that these 
were not present in the intergranular atmosphere. 

The tolerance of Rhizcypertha to high carbon dioxide concentrations 
(5-10 per cent.) and the rather surprising absence of any reaction 
on the part of the insects to a gradient of carbon dioxide concentra- 
tion, confirm the validity of Wilson’s conclusion that the limitation 
of insect infestations to the periphery of bulk wheat is adequately 
explained by temperature and humidity conditions that develop 
within the grain mass. 
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The Addition of Siam Milk Powder to Australian Bread 

By R. C Hvtchimon* DSc.^ H. E. West,'\ and Jeanette T, J^freye* 

Summary 

T 3 i>ical Australian skim milk powders were incorporated in test doughs 
on a 6 per cent, dry matter basis. The resultant loaves were immature, 
the volumes poor, the crusts harsh, and the crumbs coarse, open, and with 
frequent cores. Unsuccessful attempts were made to eliminate these 
defects by subjecting the milk to various treatments and by using flour 
from harder wheats. 

Skim milk powders that were known to have excellent baking qualities 
under United States conditions were also incorporated in test doughs where 
they were found to have the same depressing effect on the resultant loaves 
as the Australian powders. 

In Australia it is not customary to add cane sugar or fat to the common 
loaf but, in the United States, both these constituents are used. Baking 
tests were therefore conducted on doughs containing each and both of 
these constituents. The results of these tests showed that, when small 
amounts of fat are added to doughs containing skim milk powder, the 
resultant loaves are greatly improved. Furthermore, it was foimd that 
a loaf, superior in all respects to the water-loaf control, could be obtained 
by adding the fat in the form of an emulsion. Several fats were tested. 

Test bakes were also conducted on doughs containing skim milk powder, 
fat, and small amounts of several surface-modifying ingredients and on 
doughs containing various German whole egg and egg alb^umen substitutes 
made from skim milk. The loaves resulting from all these bakes were 
inferior to those containing skim milk powder and fat in the form of 
an emulsion. 

As a result of baking testsjvvith skim milk powders containing several 
fats in different percentages, it was concluded that satisfactory results 
could be obtained with a powder containing 20 per cent, fat and that the 
most desirable amount of powder to add to bread weis 12i per cent. 

The results of several large scale beUclng tests in which skim milk 
powder, containing 20 per cent, mutton fat, was used on 12 k per cent, dry 
matter basis are briefly described. In general, these results confirmed 
those obtained in the laboratory. 


I. Introduction 

There is no article of food so generally and universally consumed 
as bread. In many countries it is the basic food of a large majority 
of the people and, if this bread is low in any important dietary 
constituent, the health of the people will almost certainly suffer in 
consequence. Unfortunately, ordinary white bread is a poor source 
of several essential food constituents which include the amino acids, 
lysine and tryptophane; calcium; and the vitamins riboflavin and 
thiamin. On ^e other hand, skim milk powder is a particularly 
good source of all these constituents and, by incorporating skim milk 
solids in bread, a loaf -with a much higher nutritive value results. 

In the United States, it is common practice to add 6 per cent, 
skim milk powder to bread, although rye bread only contains 4-5 per 
cent., whilst the standard school lunch loaf contains 12 per cent, and 
special high calcium loaves may contain as much as 40 per cent 

*An officer of the Dairy Research Section of the Council for Scientific 
and Industrial Research. 

t The Principal of the William Angliss Food Trades School. 
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In Australia, it is not customary to add skim milk powder to the 
common loaf, the only breads containing milk powders being fancy 
breads for which there is a limited demand. When skim milk powder 
is incorporated in the common Australian loaf, there is an appreciable 
reduction in voliime, the crust is harsh and inmiature, and the crumb 
coarse, open, and with frequent cores. This is contrary to the results 
obtained in the United States where it is claimed that the addition 
of skim milk powder to bread improves every physical characteristic 
of the loaf. 

The object of this investigation was to determine the reason for 
the detrimental effect which skim milk powder has on the physical 
properties of Australian bread and to determine whether this detri- 
mental effect can be eliminated without losing any of the enhanced 
nutritive value of the bread or increasing appreciably its cost. 


2. Experimental Test Bakes 

(i) Experimental Formula, Technique, and Evaluation 

During the investigation, many test bakes were conducted, and 
the formula for the control doughs, the baking technique, and the 
method of evaluating the finished loaves, are described hereunder. 


(a) 


Formula , — ^The following formula was used: — 
Flour . . 300 g. = 100 per cent. 

Salt . . . . 6 g. 2 per cent. 


Compressed yeast 

Improver 

Water 


5*4 g. = 1*8 per cent. 

1 g. = 0'33 per cent. 

. .variable = 58-60 per cent. 


(b) Technique , — ^The yeast was first shaken with 30 cc. of water 
until a fine, homogeneous suspension was formed and the salt and 
improver dissolved in a further 144 cc. of water which had been 
heated to the temperature necessary to bring the temperature of the 
dough, after the mixing of all ingredients, to 26-6°C. (80°F.). All 
the ingredients were then mixed for two minutes in a laboratory 
model Hobart mixer dqring which time additional water was added 
if necessary. The dough was then placed in a jar in a fermentation 
cabinet held at 26-6°C. The jar was part of a closed system which 
permitted the measurement of the rate and degree of fermentation 
by the displacement of a saturated salt solution. When the displace- 
ment had reached 1,100 cc., and without breaking the closed system, 
the jar was knocked to assist the release of more gas and fermenta- 
tion then allowed to continue until the total volume of gas evolved was 
1,400 cc. Then 400 grams of dough were taken, “handed up,” 
replaced in the fermentation cabinet for 10 minutes’ recovery, moulded 
into a square mould, placed in a bcddng tin, and returned to the 
fermentation cabinet for proofing. During the proof period, the 
formation of a skin was prevented by keeping the atmosphere moist 
with steam. The dough was then placed in an oven at 221 °C. 
(430*^.) for 25-30 minutes. 


(c) Evaluation , — Sixteen hours after they were baked, all test 
loaves were scored in the following manner. 
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A water-loaf control, which was included in each batch baked, 
was used as a standard for comparison and given an arbitrary value 
of 100« Points, based on the following properties, were then allotted 
to each loaf: — (a) volume, (b) maturity, (c) crust characteristics, 
and (d) crumb characteristics. No definite values were ascribed to 
aroma or palatability although a constant watch was kept for 
abnormalities. 

(ii) Skim Milk Powder %n Ordinary Australian Bread 

Six typical Australian skim milk powders, all of which had been 
bought on the open market, were incorporated in test doughs to the 
extent of 6 per cent, on a dry matter basis. The use of 6 per cent, 
skim milk powder provided milk solids equivalent to those which 
would have been provided had the entire liquid content of the dough 
been fresh skim milk. The powders were added dry and, with the 
exception of an increased fermentation time, there were no modifica- 
tions in the baking technique. The results of these tests are given 
m Table 1. Fig. 1 is a diagrammatic representation of a section of 
the control loaf and of sections of two test loaves, one containing 
spray-dried and the ofher roller-dried powder. Both the loaves 
containing skim milk powder had similar physical properties. 

Table 1. — ^Thb Effect of Adding Skim Milk Powder to Australian 

Bread 


Reference Number 

Powder 

Bread Score 

Control 


100 

1 

Spray>dned 

55 

2 

Spray-dned 

50 

3 

Spray-dried 

45 

4 

Roller-dned 

45 

6 

RoUer-dned 

45 

6 

1 

1 Roller-dried 

45 


From Table 1 it will be seen that the addition of skim milk powder, 
either spray-dried or roller-dried, produced a very inferior loaf. The 
volumes were poor, the control loaf having a volume of 1,420 cc. 
and the test loaves only 1,220 cc. The test loaves were also very 
immature, the crusts harsh, and the crumbs, coarse, open, and with 
frequent cores. 



C.8834/47,— 3 


Fio. 1. 
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In ftirthar tests, the batter or ferment method of mixing doughs 
was onployed. In this method a batter or ferment consisting of — 


Flour 

.. 30 

s* 

Milk powder 

.. 18 

g- 

Improver 

1 

g- 

Water at 49®C. . . 

.. 20 

cc. 

Yeast solution at 32®C. 

. . 34’5 cc. 


was allowed to ferment for one hour after which it was mixed in 
the usual way with the remaining flour, salt, and liquor. Hie dough 
was then fermented to 1,200-1,300 cc. of gas. The results of these 
tests are given in Table 2. From this table it will be seen that the 
batter or ferment method of mixing doughs containing skim milk 
powder was not as satisfactory as the method employed previously. 
Hie loaves were extremely immature and the volumes very poor. 


Tablb 2. — The Addition of Skim MIlk Powder to Bread Prepaiubd 
BY the Batter Method 


Beferenoe Number 

Powder 

Bread Soon 

Control 

• • • • • . . . 

100 

7 

Spray-dried 

45 

8 

Boiler-dried 

40 

(iil) Preheated Skim Milk Powders 


The results of experiments conducted by Greenbank et al. (1927) 
indicated that the preheat treatment to which skim milk is subjected 
before being dried affects its baking qualities; powder which has 
received a relatively high heat treatment yields a loaf of greater 
volume and better texture than powder which has been subjected 
to a less severe heat treatment. The following year Grewe and Holm 
(1928) conducted more detailed baking tests in which they used 
three different flours, and spray-dried skim milk powders that had 
been preheated to 50®, 63®, 73®, 83®, 93®, and 100®C. for 30 minutes. 
With all flours, the poorest results were obtained in bread containing 
powder which had been subjected to a preheat treatment of 50®C. 
A prdieat treament of 63®C. gave a slightly better result but there 
was a marked improvement in the loaves containing powders that 
had been prdieated to 73®, 83°, 93®, and 100®C. Skovholt and Bailey 
(1931) found that preheat treatments at 77®, 88®, and 96®C. for 
30 minutes greatly improved the bidcing qualities of skim milk powders 
and that the improvement was approximately the same for each 
treatment. In later experiments, Ashworth et al. (1942) used spray- 
dried powders which had been preheated at 82-^®C. (180-190®F.) 
for 30 minutes, and recently Harland, Ashworth, and Golding (1943) 
lued powders whidi had been preheated to 82®C. for 45 minutes or 
90-95®C. for 5 minutes. 

Hence, it would appear that in the baking of bread the most 
satisfactory results are obtained from skim milk powders which 
have been prdieated to a temperature of approximately 85®C. for 
30 mintltefi or tn a hlo^hAr tAmnarAtiif^ a 
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During the manufacture of roller-dried powder, milk is first heated 
to a temperature of approximately 100*5^C. for about 10 minutes 
and then to approximately 120°C. for about 3 seconds. When milk 
is ^ray-dried, the heat treatment is less severe and depends upon 
the method of drying and the frequency with which the powder is 
removed from the drying chamber. In most Australian factories the 
temperature of the milk does not exceed 80^C. and the powder may 
not remain at this temperature for more than a few minutes. 

In order to obtain samples which were known to have received 
adequate heat treatment, arrangements were made for the manufac- 
ture of four samples of powder from milk which had been specially 
preheated to S5°C. for 30 minutes. Three of the samples were spray- 
dried, the temperature of the drying chamber being 79-80®C., and 
the fourth was roller-dried at a steam pressure of 60 pounds per 
square inch. The first sample, which was from the first of the milk 
to be sprayed into the drying chamber at the beginning of the day’s 
run, had remained in the chamber for approximately 14 hours before 
being collected. The second sample, which was from milk which had 
been sprayed into the drying chamber half way through the day’s 
run, had remained in the chamber for approximately 7 hours before 
being collected. The third sample, which was from the last of the 
milk to be sprayed into the drying chamber before closing down for 
the day, had remained in the chamber for only a few minutes. When 
reconstituted all these powders had an acidity of 0-15 per cent, when 
expressed as lactic acid. 

These powders were added to test doughs to the extent of 6 per 
cent, on a dry matter basis: They were added both wet and dry. 
When added wet, all liquor except that substracted for the yeast 
solution, was mixed with the milk powder and added to the flour 
in the form of a liquid. The results of the test bakes are given in 
Table 3. From this table, it will be seen that the additional prdieat 
treatment did not improve the baking qualities of the powders. All 
the test loaves were very immature, the volumes poor, the crusts 
harsh, and the crumbs coarse, open, and with frequent cores. 


Table 3. — ^Thb Addition of Specially Preheated Skim Milk 
Powders to Bread 


Mtnom Kumtwr 

Powder 

Breed 

Addltloa 

Wet 

SoQve 

AddMoB 

Dnr 

Control 


. . . 

100 

9 


Spray, 14 lira. 

50 

.. 

10 


S^ay, 14 lirs. 


50 

11 


Spray, 7 hr®. 

SO 

• • 

11 


Spray, 7 lirs. 

. . 

50 

18 


Spray, aev. mins. . . 

45 

• • 

14 


Sprav, aev. mipa. . . 

. . 

46 

16 


RoUor 

45 


16 


Holler 

• • 

45 



A sample of the second spray-dried powder was then reconstituted 
and portions of the reconstituted milk subjected to additional and 
more drastic heat treatments. These reconstituted milks were then 
added to test doughs so that each dough contained 6 per cent, skim 
milk solids on a dry matter basis. The results of the test bakes are 
given in Table 4. From these results it is evident that the additional 
heat treatment to which the reconstituted powders were subjected 
was not of great value in improving their baking qualities. There 
was only a slight improvement in volume and maturity. 

Table 4. — ^The Addition to Bread op Powders Subjected to 
Additional Heat Treatments 


Beferenoe Number 

Additional Treatment 

Bread Soore 

Control 


100 

17 

90^ C. for 5 minutes 

55 

18 

95^ C. for 5 minutes 

55 

19 

100" G. for 6 minutes 

50 

20 

< 110" 0 . for 5 minutes . . I 

65 

21 

90" G. for 15 minutes . . 

55 

22 

95" G. for 15 minutes . . 

50 

28 .. .. 

100" G. for 15 minutes 

1 55 

24 

90" G. for 30 minutes 

50 

25 

95" G. for 30 minutes 

55 

26 

1 

100" G. for 30 minutes 

55 


When skim milk was heated to temperatures higher than llO^C. 
for five minutes, or slightly less, the colour was so dark that it 
adversely affected the colour of the bread. 

(iv) Acidified Fresh Skim Milks 

The doughs containing skim milk had a pH of approximately 5*8 
whilst the controls had a pH of approximately 5*2. This suggested 
that the acidity of the skim milk may be an important factor 
determining its baking quality. 

I. 

Samples of fresh skim milk, which had been heated to tempera- 
tures of 100° and 110°C., and held at these temperatures for approxi- 
mately five minutes, were acidified by the addition of various amounts 
of lactic acid and used in the preparation of eight test doughs. On 
a dry matter basis these doughs each contained 6 per cent, skim 
milk solids. The results of the test bakes are given in Table 5. From 
the results of this table, it will be seen that an increased acidity 
greatly improved the baking qualities of fresh skim milk when heated 
to temperatures of 100° or 110°C. Also, at the lower acidities, milk 
heated to 110°C. had better baking qualities than milk heated to 
100°C. In loaves 19, 27, and 29 the volumes were poor, in loaves 
20, 28, and 31 they were fair, in loaf 30 fair to good, and in loaf 32 
good. Loaf 19 was very immature, loaves 20 and 27 only slightly 
imnfature, and the remaining loaves of average maturity. In loaves 
19-29, the texture was open and slightly coarse but in the remaining 
loaves it was fine and even. In all loaves, the colour of the crumb 
was good but the colour of the crust rather high. 
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Although an increased acidity, together with a comparatively 
severe preheat treatment, improved greatly the baking qualities of 
fresh skim milk, the resultant loaves were still inferior to an ordinary 
water loaf. 


Table 5. — The Addition op Acidipied Fresh Skim Milk to Bread 




Bread Score 

Refereooe Kninber 

Milk Acidity 

Heat 

Treatment 
at lOO® C 

Heat 

Treatment 
at 110® C 

Oontrol 

% 


100 

19 

1 0*17 

! ^ 


20 

1 0*17 



27 

I 0*31 


, . 

28 

1 0*31 


70 

29 

0*39 

65 


30 

0*39 


85 

31 

0*50 

85 

, , 

32 

0*50 


85 


(V) Flours from Soft and Hard Wheats 

In all the foregoing bakes, a blend of average Victorian flours 
was used. These flours were milled mostly from soft wheats and, in 
order to investigate the effect of using a hard wheat flour, a blend 
containing 80 per cent, of hard, Queensland wheat flour was used. 
The results of bakes containing this flour are given in Table 6. In 
both loaves, the volumes were poor, the loaves slightly immature, 
and the crumbs open. 


Table 6. — Bread from Hard Wheat Flours 


Reference Number 

Powder 

Bread Score 

Uootrol 



100 

33 

• 

Spray-dried 

60 

34 

* 

Roller-dned 

50 


(Vi) American Skim jlfiZlc Powders* 

Samples of three skim milk powders, which were known to have 
excellent baking qualities under United States conditions, were next 
obtained from the American Dry Milk Institute in Chicago. Two 
of the samples had been spray-dried and one roller-dried. On a 
reconstituted basis, their acidities were 0*16, 0*16, and 0*17 per 
cent, respectively. These powders were added to doughs on a 6 per 
cent, basis, the doughs being made from the original blend of average 
Victorian flours. The results of the test bakes are given in Table 7. 
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BYom these results it is seen that, when added to Australian inread, 
American ddm milk powders had the same depressing effect as 
Australian powders. Tlie loaves were all very Immature the volumes 
poor and the crumbs coarse, open, and writh frequent cores. 


Tabus 7.— Thb Addition’ of Ambrican Skim IIAlk Powdbrs to Bread 


Bdame Humber 

Fowder 

Breed Score 

Addttton 

Wet 

Addltkm 

Dry 

OtmtFol 






100 

S5 

, . 

. , 

Spray 1 


60 

. . 

36 

. . 


Spray 1 


. . 

60 

37 



Spray 2 


60 

. . 

38 

. . 


Spray 2 


1 

60 

39 

, . 


^ller 


50 

, , 

40 



Roller 


• • 

60 


(vii) The Addition of Sugar and Fat to Bread 

The results of the preceding tests indicated that the depressing 
effect of skim milk powder on Australian bread was not due to any 
particular characteristic of the milk powder or the flour. It was 
suggested that it may be due to the fact that in Australia neither 
ciuie sugar nor fat is added to the common loaf whereas American 
breads contain both these ingredients. In order to investigate this 
point baking tests were conducted on doughs which contained 
(a) cane sugar plus additional fat, (b) cane sugar only, (c) additional 
fat only, and (d) neither cane sugar nor additional fat. On a dry 
matter basis, the cane sugar and additional fat were each added to 
the extent of 2 per cent, and the skim milk powder 6 per cent. The 
fat consisted of lard and all the additional ingredients were added 
dry. Hie results of the test bakes are given in Table 8. 


Table 8. — ^Thb Addition of Skim Milk Powder, Sugar, and Fat 

TO Bread 


Bcftteaoe Humber 

Powder 

Sugar 

Fat 

Bread 

Score 

Gontnd 



.. 





100 

1 



Spray 



— 

— 

66 

4 



Roller 



— 


46 

Control 



, . 



-f 


100 

41 



Spray 



•f 


60 

43 



Roller 



•f 

— 

46 

43 



Spray 



+ 

— 

66 

44 



Roller 





46 

Control 



, , 




+ 

100 

46 



Spray 



— 

4- 

90 

46 



Roller 




•f 

80 

47 



Spray 



— 

-f 

90 

48 



Roller 




4- 

80 

Control 



. , 




+ 

100 

19 f. 

60 



Ss 



+ 

4- 

4- 

4 . 

90 

80 

90 

61 


• • 




+ 

4- 

63 


• • 

Roller 



+ 

+ 

80 
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From the results In Table 8, it will be seen that, although sugar 
hastens fermentation time, it is of little value in improving the 
physical quality of bread. In all the loaves containing sugar there 
were definite signs of immaturity, the volumes were poor and the 
texture open, co 2 urse, and with numerous cores. On the other hand, 
the addition of fat improved the physical quality to a marked degree 
and, in all the loaves containing fat, there was an increase in volume, 
the loaves were of average maturity, and the textures even, although 
inclined to be “ fuzzy.” 

(vlii) The Addition of a Fat Emulsion to Bread 

In the preceding bakes, the fat was mixed into the dough in the 
same way as the other Ingredients. In the bakes which are about 
to be described, the fat was added in the form of an emulsion. 

This emulsion contained the following constituents: — 


Skim milk powder 

. . 180 

g- 

Sugar 

60 

g. 

Salt 

60 

g. 

Lard 

60 

g- 

Water 

. . 360 

g- 


and each dough contained 72 grams. From the results presented in 
Table 9 and Fig. 2, it will be seen that, when lard is added in the 
form of an emulsion, the resultant loaves are greatly improved, being 
definitely superior to the control loaf. For both spray and roller 
dried powders, the loaves were of average maturity and the volumes 
good. In each loaf the texture was also good, although inclined to 
be slightly “ fuzzy ” in the Toaf containing roller-dried powder. 


Table 9. — The Addition of a Lard Emulsion to Bread 


Befcrenoe Number 

Powder 

Breed Score 

Control 

. . 

100 

53 

Spray -dned 

115 

54 

RoUer-drM 

105 



In order to investigate, in greater detail, the effect of adding iat 
to bread containing skim milk powder, tests were conducted in whldi 
lard was dther directly mixed into the dough or added as an «nulsion. 
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The method of adding the milk powders, which had been previously 
studied, was also varied, the addition being made dry, wet, or as 
part of the emulsion. The results are presented in Table 10. From 
these results, it is evident that there was no, or little, differences in 
breads containing lard that had been mixed into doughs to which 
skim mUk powder had been added in the dry and wet forms. When 
the lard and milk powder were added in the form of an emulsion, 
however, there was a marked improvement. In the loaves containing 
milk powders in the wet and dry forms, there was slight immaturity, 
the volumes ranged from fair to good, and, in general, the crumbs 
were soft, fine, and even, although inclined to be slightly open in the 
first and last bakes. When lard and milk powder were added in the 
form of an emulsion, the loaves were of average maturity, there 
was a marked improvement in the volume, the crumb was soft, fine, 
and even, and only in the last bake was there any inclination to 
openess. 


Table 10. — The Addition of Lard to Bread 


Reference 

Number 

Powder 

Addition 

Bread Score 

Control 



100 

55 

Amenoan Spray, 1 

Dry 

90 

56 

Amenoan Spray, 1 

Wet 

90 

57 

Amenoan Spray, 1 

Emulsion 

110 

58 

Amenoan Spray, 2 

Dry 

90 

59 

Amenoan Spray, 2 

Wet 

90 

60 

Amenoan Spray, 2 

Emulsion 

110 

61 

Amenoan Roller 

Dry 

95 

62 

Amenoan Roller 

Wot 

95 

63 

Amenoan Roller 

Emulsion 

120 

64 

Spray, 14 hrs. 

Dry 

90 

65 

Spray, 14 hrs 

Wet 

90 

66 

Spray, 14 hrs 

Emulsion 

110 

67 

Spray, 7 hrs 

Dry 

90 

68 

Spray, 7 hrs 

Wet 

90 

69 

Spray, 7 hrs 

Emulsion 

115 

70 

Spray, sev. mins 

Dry 

80 

71 

Spray, sev. mins 

Wet 

80 

72 

Spray, sev. mins 

Emulsion 

110 

73 

Roller 

Dry 

80 

74 

Roller 

Wet 

80 

75 

Roller 

Emulsion 

105 


So far lard had been the only fat used, but, in Australia, there are 
four other common edible fats or oils each of which deserves 
consideration. These are beef fat, mutton fat, peanut oil, and maize 
oil. The results of baking tests in which 2 per cent, of these fats 
have been added to doughs containing 6 per cent, spray-dried skim 
milk powder are given in Table 11. The plasticity of the hydrogenated 
oils was approximately equal to that of lard. 

From the results in Table 11, it will be seen that for all the fats 
and hydrogenated oils, the best results were obtained with the fats 
In the form of an emulsion. The beef suet emulsion gave the best 
results although good results were obtained with beef fat, mutton 
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fat» mutton suet, and hydrogenated peanut and hydrogenated maize 
oil emulsions. It is interesting to note that neither unhydrogenated 
peanut nor maize oil gave improved results when added in the form 
of emulsions. In no loaf was there any noticeable difference in 
palatability or aroma due to the presence of the additional fat. 


Table 11. — ^The ADDmoN op Various Fats and Oils to Bread 


R«fereDce 

Number 

Fat or OU 

Addmon 

Bread Score 

Control 



100 

76 

Beef fat 

Dry 

95 

77 

Beef fat 

Emulsion 

no 

78 

Beef suet 

Dry 

100 

79 

Beef suet 

Emulsion 

115 

80 

Mutton fat 

Dr> 

95 

81 

Mutton fat 

Emulsion 

105 

82 

Mutton 8Uet 

Dry 

100 

83 

Mutton suet 

Emulsion 

no 

84 

Peanut oil 

Dry 

65 

86 

Peanut oil 

Emulsion 

60 

86 

Peanut oil hyd 

Dry 

80 

87 

Peanut oil hyd 

1 Emulsion 

no 

88 

Maize oil 

’ Dry 

6.5 

89 

Maize oil 

Emulsion 

60 

90 

Maize oil hyd 

Dry 

75 

91 

Maize oil hyd 

Emulsion 

105 


In all the loaves, with the exception of those containing 
unhydrogenated peanut and maize oils, the volumes ranged from 
good to very good. Peanut and maize oils, liowever, had a depressing 
effect upon volume although the colour was quite good. The loaves 
containing beef and mutton fats and unhydrogenated peanut and 
maize oils had an open but even texture and numbers 84 and 88 
contained occasional cores. In the other loaves, the texture was fine, 
even, and soft. Beef and mutton suets and hydrogenated peanut oil 
produced loaves of average maturity, whilst unhydrogenated peanut 
and maize oils produced loaves which were definitely immature. 
Numbers 77, 81, and 91 were also of average maturity, numbers 76, 
80, and 90 being slightly immature. 

(IX) Interface Modifying Ingredients 

In a dough containing added fat, small amounts of lecithin, or 
glycerol monostearate, are known to have a modifying effect on 
the interfaces between the particles of fat and the other dough 
constituents. It was thought that by adding a small amount of one 
of these substances to a dough into which fat had been mixed this 
interface modification* might be sufficiently pronounced to produce a 
loaf equal to that produced when fat is added in the form of an 
emulsion. 

In order to investigate this point, twelve baking tests were 
conducted on doughs containing 6 per cent, spray-dried skim milk 
powder, 2 per cent, lard, and small amounts of interface modifying 
ingredients. These ingr^ents were mixed with water before their 
addition. The results of the bakes are given in Table 12. 
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From tile results of Table 12, it will be seen that the <Hily bake 
la whidi the resultant loaf was superior to the control loaf was that 
in which 0<2 per cent, glycerol monostearate was added. Nevothe- 
less, this loaf was still Inferior to a loaf containing the same amount 
of fat in the form of an emulsion, the principal defect being a slight 
immaturity of the crust. 

Because superglycerinated shortenings are not available in Aus- 
tralia, experiments with these fats could not be conducted. 


Table 12. — ^Thb Addition of Fat and an Interface Modifyino 

CONSHTDENT TO BREAD 


Sefcraioe 

Huniber 

Constituent 

Amount 

Bread Soore 

Oontrol 


% 

100 

92 

Egg lecithin 

0 0602 

95 

93 

lecithin 

0*002 

96 

94 

Egg lecithin 

0*02 

90 

95 

Egg lecithin 

0*2 

90 

96 

Soya bean lecithin 

0*0002 

95 

97 

Soya bean lecithin .. 

0*002 

95 

98 

Soya bean lecithin 

0*02 

90 

99 

Soya bean lecithin 

I 0*2 

95 

100 

Glycerol monostearate 

1 0*0002 

90 

101 

Glycerol monostearate 

0*002 

95 

102 

Glycerol monostearate 

0*02 

100 

103 

Glycerol monostearate 

0*2 

105 


(x) Skim Milk Powders Prepared as Egg Substitutes. 

Scientific and technical missions, sent by the Commonwealth 
Government to Germany, have includ^ in their reports references to 
several whole egg and egg albumen substitutes which have been used 
with good results by German bakers. The production of these 
substitutes was fostered by the German Government about 1934 in 
its drive to discourage the importation of goods which required 
foreign currency. Several of the most popular substitutes, which 
contain considerable quantities of skim milk, are described hereunder. 

“ MUei V ” is a whole egg substitute made in the foUowing manner: 
Into 300 litres of skim milk are dissolved 600 grams of flaked sodium 
hydroxide, 600 grams of anhydrous sodium pyrophosphate, 600 cubic 
centimetres of egg yellow colour solution, and 6,000 grams of carub 
gum. This solution is then mixed with a further 700 litres of skim 
milk and the whole dried at once on a roller drying machine. The 
machine is fitted with steel rollers which take about 5 seconds for 
one complete revolution and which operate under a steam pressure 
of 7-8 atmospheres. The dried product is then sieved and packed. 
It has a colour similar to spray-dried whole egg powder but its texture 
and flavour resemble ordinary roUer-dried milk powder. 

“Milel W” is an egg albumen substitute prepared by mixing 
5,200 llti:es of skim milk with 1,000 litres of whey and 23*2 kilograms 
of slaked lime. This is concentrated to a syrupy consistency and dried 
in a spray-drier in whidi the temperature of the ingoing air is lOO^C 
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and the outgoing air 70^ C. The resultant powder is creamy-iKdiite in 
colour, of medium texture, and inclined to cake unless stored in 
airtight containers. 

**Alroha Va,” a whole egg substitute from Robert Pdhler of 
Hamburg, and ** Synmilka,*’ an egg albumen substitute from Schoppe 
and Schultz of Hamburg, are two other products manufactured from 
skim milk. The former, which contains 20-25 per cent, cereal starch, 
is a creamy powder with a rather coarse texture. The latter, which 
contains 10-15 per cent, added starch, is paler in colour and of a 
much finer texture. Manufacturing details are not available for either 
of these products. 

Robert Pohler has also marketed “ Spar-Eipulver,” an egg 
substitute in which only 50 per cent, of the powder consists of a 
skim milk substitute (probably ‘‘ Alroha Va ”), and “ Trocken-Vollei,” 
an unadulterated whole egg powder. 

Samples of all these products have been obtained from Germany 
and used in test bakes on a 5 and 10 per cent, dry matter basis. The 
results of these bakes are given in Table 13. 


Table 13. — The Addition of Whole Eqg and Ego Albumen 
Substitutes to Bread 


JELefereooe Number 

Substitute 

Amouut 

Bread Soote 

Control 

- 

% 

100 

104 

“ Milei V 

5 

50 

105 

“Milei V” 

10 

60 

106 

“ Milei W “ 

5 

50 

107 

“MUei W“ 

10 

30 

108 

“ Alroha Va “ 

5 

50 

109 

“ Alroha Va “ 

10 

40 

110 

“Synmilka” 

5 

45 

111 

“ Synmilka ” 

10 

40 

112 

“ Spar-^pulver ” 

5 

50 

113 

“ Spar-£ipulver ” 

10 

40 

114 

“ l>ocken-Volloi ” 

5 

80 

115 

“ Trocken-Vollei ” 

10 

70 


When “ Milei V '' was added to doughs, the resultant loaves were 
immature, had a very small volume, and a slightly tough, close 
texture. “ Milei W ” also produced loaves which were immature and 
small in volume but in these loaves the texture was open and there 
were occasional cores. Both “ Alroha Va and “ Synmilka produced 
loaves which were immature, poor in volume, had tough textures and 
contained numerous cores. With “ Spar-Eipulver,” there was a 
slight improvement in maturity and volume but both loaves contained 
frequent cores. The best loaves were those containing “Trocken- 
Vollei.” These loaves were only slightly immature and the volumes 
good. The loaf containing 5 per cent. Trocken-Vollei had a fine, 
even texture, but the texture of the other loaf was slightly coarse 
and open. 
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(xi) 8Mm Milk Powders Containing Various Percentages of Pat 

A number of milk powders were next prepared by homogenizing 
various amounts of lard into fresh skim milk and spray-chying in a 
laboratory drier. Before adding the lard, the skim milk, whi^ had 
an acidity of 0*18 per cent., was heated to 85^0. for 30 minutes. 
These powders were added to test doughs so that each dough contained 
13 grams of powder but a different amount of lard. The results 
of these tests are given in Table 14. From these results it is seen 
that the optimum percentage of lard lies within the range of 21-28 
per cent. Above 28 per cent, the value of the loaf decreased rapidly, 
owing principally to a reduction in volume and a slightly open crumb. 
Below 21 per cent., the value decreased slowly so that a loaf containing 
14-21 per cent, lard was a decided improvement on an ordinary water 
loaf and only slightly inferior to loaves containing 21-28 per cent, lard 


Table 14. — ^The Addition to Bread of Powders Containing 
Different Percentages of Lard 


Reference Number 

I^d 

Bread Score 

Control 

% 

100 

116 .. 

7 

96 

117 .. 

14 

no 

118 . . 

1 21 

116 

119 . . I 

28 

120 

120 . . ! 

1 

36 

105 


Because the addition of fat reduces the percentages of the various 
skim milk constituents, it is desirable not to add more fat than is 
absolutely necessary. It was therefore decided that 20 per cent., 
or slightly less, would be a convenient and effective amount of fat 
to incorporate in skim milk powders for future tests. 

(xii) Skim Milk Powders Containing Lard, Beef Fat, or Mutton Fat 

Arrangements were next made with a large milk-drying company 
for the manufacture of three special batches of skim milk powder. 
These powders contained approximately 19*6 per cent, mutton fat, 
beef fat, and lard respectively. Each batch was prepared from fresh 
skim milk, having an acidity of 0*16 per cent., and into which there 
had been mixed a percentage of fat equal to one-fourth the percentage 
of non-fatty milk solids. This mixture was preheated to 85 °C. for 
30 minutes and homogmized under a pressure of approximately 
3,000 pounds per square inch. It was then condensed in a vacuum 
pan to one-third its original volume and dried in a Merrell-Soule 
spray-drier, the temperature of the drying chamber being approxi- 
mately 76 °C. and the time during which the powder was held at this 
temperature about 10 minutes. 

Thbse tiiree powders were used in a number of baking tests, the 
results these tests being given in Table 15. From these results 
it will be seen that there is no very marked difference between the 
baking properties of skin milk powders containing mutton fat, beef 
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fat, or lard. The powder containing mutton fat produced loaves with 
the best volume although the volumes of all loaves were good. The 
crumbs were fine, even, and soft. The powder containing lard 
produced a crumb with a particularly fine texture and this was 
largely responsible for the slightly higher scores of loaves containing 
this powder. All the loaves were of average maturity. 


Table 15. — The Addition of Various Amounts of Three Special 
Powders to Bread 


Befef«noe Number 

Fat In Powder 

Amount of 
Powder 

Bread Score 

ontrol 


% 

1 

100 

21 

Mutton 

6 

110 

22 

Mutton 

8 

116 

23 

Mutton 1 

1 10 

110 

24 

Mutton 1 

12 

no 

25 

Beef 1 

6 

no 

126 

Beef 

8 

no 

127 1 

Beef 

10 

115 

128 1 

Beef 

12 

115 

129 . 

Lard | 

6 

no 

130 

Lard 

8 

115 

131 

Lard . 

10 

120 

132 . 1 

Lard 1 

12 

115 


In Australia mutton fat is less than half the price of ordinary 
skim milk powder and much cheaper than beef fat or lard. Hence, 
in future work, it was decided to use powder containing mutton fat 
in preference to beef fat or lard. 

From the results of the preceding table, it will be observed that 
there is little difference in the physical properties of breads contain- 
ing 6, 8, 10, and 12 per cent, powder. In a recent address Dr. F. W. 
Clements (1946) stated that in order to make a substantial contribu- 
tion to the nutritional level of the Australian people, it would be 
necessary to add approximately 10 per cent, skim milk powder to 
bread. This would be equivalent to approximately 12i per cent, of 
a powder containing 20 per cent. fat. It was at this level that it 
was decided to conduct further work on the development of a standard 
skim milk loaf. 


3. Commercial Tests 

Arrangements were made for the manufacture of another much 
larger quantity of skim milk powder containing slightly less than 
20 per cent, mutton fat. The details of manufacture were similar 
to those already described. This powder was distributed to a number 
of commercial bakeries for the production of 2-lb. tin ” or “ Devon ” 
loaves, about 75 per cent, of the bread baked in Australia being of 
this type. The details of manufacture were left to the individual 
manufacturers, all of whom were very competent craftsmen. Some 
bakers gave the loaves a longer fermentation time, others preferred 
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to add extra yeast, and one baker added a small amount of cane 
sugar. For each pound of skim milk powder added, approximately 
0*8 lb. of extra water was used. 

(1) Physical Properties of Commercial Loaves 

In general, loaves baked under commercial conditions were equal, 
and usually superior, to the ordinary water loaf produced in the 
same bakehouse. Where high top as well as tin ” loaves were 
manufactured, a small but definite increase in volume was noticeable. 
Also, the loaves containing skim milk powder were more symmetrical 
in shape. 

In most bakeries, the skim milk loaves had a more pronounced 
colour, the crumb being quite creamy and the crust a dark straw 
colour. Some bakers thought this detracted from the value of the 
bread and they suggested that loaves containing such a high 
percentage of milk powder should be baked at a slightly lower 
temperature. The loaves were of average maturity and the textures 
of both the crust and crumb were good. 

(ii) Aroma and PalatabUity 

All the loaves containing skim milk powder were neutral in fiavour 
and the layman found it difiicult to differentiate between them and 
the ordinary control loaves. Nevertheless, most bakers were of the 
opinion that a better tasting loaf could be produced if beef fat or 
lard replaced the mutton fat. 

Several bakers commented upon an unclean fatty odour which was 
given off during the baking process. This odour was scarcely 
noticeable in the finished loaves although it stresses the importance 
of utilizing only the highest quality fats in the manufacture of these 
special skim milk powders. 

(iii) Yield 

In previous experiments conducted at the William Angliss Food 
Trade School, West and Wilkinson (1946) added 3 per cent, skim 
milk powder to the dough mix. Neither the powder nor the remainder 
of the dough contained additional fat. This amount of powder 
increased the bread yield but the increase was not sufilciently great 
to offset the extra cost. For such a loaf to be profitable, therefore, 
it would have to be sold at a higher price. Although the present 
tests were conducted under totally different conditions, the conclusions 
arrived at are the same. 

During the present investigation, several bakers costed their bakes 
and from the results of these costings it would appear that, when 
the milk powder was added on a 12i per cent, dry matter basis, the 
extra yield obtained per bag of fiour (150 pounds) was in the vicinity 
of 25*pounds of bread. This extra yield paid for little more than half 
the additional cost of adding milk powder. Hence, such loaves are 
economically possible only when they are sold at a slightly higher 
price. 
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4. Concliisioiis 

Although the simultaneous addition of emulsified fat appears to 
overcome the major technical difficulty in the incorporation of skim 
milk powder in Australian bread, several problems still remain. 

Because of an increased fermentation time, loaves containing 
10 per cent, skim milk solids take approximately one hour longer to 
prepare. This can readily be overcome by adding cane sugar or 
additional yeast although a more satisfactory solution could probably 
be achieved by the introduction of a suitable lactose-fermenting yeast. 
During the latter part of this investigation, fat was very finely and 
evenly distributed throughout the dough mix by homogenizing it into 
the skim milk before converting it to powder. This was only one 
way in which satisfactory results could be attained. Commercially, 
it may be more desirable to add emulsified fat as a separate ingredient. 
Also, it has been apparent that the introduction of several small 
modifications in the baking technique would assist in producing a 
more satisfactory loaf. 

In the near future, it is hoped to commence further work in which 
these problems will be investigated. 
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An Electrolyte Resistance Thermometer for Measurement 
of Soil Temperature 

By C. G. Gurr, BSc* 


Summary 

A resistance thermometer, using sodium chloride solution as the 
resistance element, has been found to have sufficient sensitivity for soil 
temperature to be measured with a standard commercial Wheatstone bridge. 


Some means of measuring soil temperatures has been found 
desirable in connection with measurements being made of the water 
content of soils by an indirect method involving the measurement of 
the electrical resistance of gjrpsum blocks embedded in the soil. For 
convenience in field use it was desired to use the same Wheatstone 
bridge for both block resistance and temperature measurement. 
However, the bridge in use for the former did not have sufficient 
sensitivity for use with the usual metallic resistance thermometers. 

Since the temperature coeflScient of resistivity of electrolytes is 
so much greater than that of metals, being of the order of 2 per cent, 
per degree Centigrade, an electrolyte resistance thermometer was 
developed which on the same bridge measured temperature to an 
accuracy of approximately one quarter of a degree Centigrade. The 
greater accuracy of thermocouples and platinum wire resistance 
thermometers when used with appropriate measuring instruments is 
offset by the simplification of apparatus for the electrolyte resistance 
thermometers, where a high degree of accuracy is not necessary. 
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Fig. 1. -Construction of electrolyte resistance thermometer. 
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The form of the thermometer is shown in Fig. 1. The electrodes 
consist of platinum wire spirals fused onto copper leads which are 
cemented into short pieces of capillary tubing. The capillary tubes 
are in turn cemented into a four-inch length of glass tubing which 
contains the electrolyte. The whole is placed in a five-inch length 
of brass tubing for mechanical strength, and the ends sealed with wax. 

The solution used was N/lOO sodium chloride, which gave a 
resistance of the order of 20,000 ohms, falling in the most sensitive 
range of the bridge used. After manufacture the units required 
aging, since they increased in resistance at a given temperature until 
reachihg a constant value in approximately ten days when the aging 
was done, at 30®C. 


^An officer of the Division of Soils. 
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At the low frequency (50 cycles per second) of alternating current 
used in the bridge, these thermometers have appreciable capacitance, 
which was balanced out to obtain the most sensitive resistance 
readings. Plotting resistance on a logarithmic scale against tempera- 
ture as in Fig. 2 gave a straight line over the temperature range 
used, so that three points only were necessary for calibration of 
each thermometer over the range of 5°C. to 30*^0, 



Owing to the high heat capacity of the thermometers there is a 
lag in response to temperature changes. At the depths of soil at 
which these units are being used, temperature changes are slow and 
the lag is not significant. For surface soils where temperature 
changes may be more rapid, this lag could introduce errors in 
temperature measurement. 




S02 


Since these units were ccmstructed, Bouyoucos (1947)* has 
puUished an account of a similar type of thermometer, using organic 
liquids as the resistance element, which can accommodate a mudi 
greater temperature range than the aqueous salt solution used above. 
The Bouyoucos units have other desirable features, such as platinum 
electrodes fused to the glass eivelope, and small size, giving low 
heat capacity and hence less lag in response to temperature changes. 
These features should make the organic liquid thermometers more 
suitable for general use. However, for the soil conditions at present 
being examined, the thermometers developed in this laboratory have 
proved satisfactory. 


* Bouyoucos, G. J. (1947).— New electrical resistance thermometer for 
soils Soil Sci. 63: 291-8. 
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The Water Absorption of Phenobfonnaldehyde Resin 

Mouldings 

By /?. P. Baivman* /. S. FUzgerJi^ MSc., Ph.D.,1f and Florence 
Af. Jensau AMT.C.'\ 

Summary 

Published work indicates that the absorption of water by plastics is a 
diffusion process involving two independent factors — the rate of penetration 
and the saturation limit. With phenolic mouldings in particular, the process 
is so slow that specimens of the size used in the standard water absorption 
tests are far from saturated after the normal immersion period. It is 
inferred that the standard tests give an approximate comparison of the rates 
of penetration of water into various plastics, provided they do not differ 
greatly in their saturation level. 

It is shown that water absorption by moulded phenolics conforms to the 
diffusion equation with an accuracy that depends on the filler used. Thin 
specimens may be used to obtain a measure of the saturation limit of 
mouldings, but the total percentage of water absorbed varies with the 
thickness of the specimens. 

In the standard B.S.S. and A.S.T.M. tests the results are sensitive to the 
moisture content of the moulding powders and to the treatment of moulded 
specimens before conditioning. 

It is concluded that for satisfactory comparison of plastics the rate of 
penetration of water and the saturation value must both be measured. 
However, if the present standard type of test is retained, more details should 
be specified than are given in either B.SB. 771 or A.S.T.M. D570, particularly 
with regard to the moisture content of the powder before moulding, and 
treatment of specimens. The AB.T.M. procedure is preferred to the B.S.S., 
but results should be expressed as a rate of penetration. 

I. Introduction 

In Australia the physical, mechanical, or electrical properties of 
plastics are determined according to methods developed either by 
British or American testing authorities. During the war there has 
been an increasing use of British Standard Specifications, particularly 
by the Services, while manufacturers have used both British and 
American methods in controlling the quality of their products. 

Now that the establishment of Australian standards for some 
plastics is under consideration, it is necessary to examine critically 
the existing methods of test. German procedures should be taken into 
account as well as British and American, though there has been far 
less experience of them in Australia. Each test procedure will need 
separate consideration, for it is only to be expected that differing 
methods will each contain desirable features. Moreover there is some 
confusion in the application of standard tests, largely due to differences 
in their purpose. Test methods of the British Standards Institution 
have usually been dev^oped for a particular type of material, whereas 
those of the American Society for Testing Materials are applied to a 
wide range of plastics. The result is that some British books on plastics 
describe the British tests for certain properties, but in comparing 
different materials they list results found, apparently, by the American 
methods (1, 2). 

* An officer of the Division of Industrial Chemistry (now of the Division 
of Radiophysics). 

t An officer of the Division of Industrial Chemistry. 
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If other than an arbitrary choice of method is to be made, a review 
of available literature supplemented by a certain amount of experi- 
mental work will be needed in connexion with each test examined. 
The present paper deals with the measurement of water absorption 
of moulded materials, particularly moulded phenol-formaldehyde resins, 
examining the standard British and American tests in the light of 
published work and further experimental data. 

2. Previous Work on Water Absorption 

(i) The Factors Involved 

A considerable amount of work has been directed to the study of 
the penetration of water into solids, and the theoretical aspects of the 
diffusion process have been thoroughly examined (3). Possibly the 
best discussion of the subject as it applies to plastics is that given by 
Irany (4) based largely on his experiments with various polyvinyl 
plastics. He describes the two types of absorption, diffusion, and 
capillary penetration. The latter type may be represented by equation 
(A) which gives a parabolic curve, implying a breakdown of the 
material before reaching saturation. 


W=^C^/t (A) 

where W is the total absorption per unit area at time t and C7 is a 
material factor. 

For absorption when the rate is governed by diffusion Andrews and 
Johnston (5) and later, but independently, Irany (loc. cit.) developed 
similar expressions from Pick’s law, which showed that the amount 
of water entering a solid was dependent on two factors, the rate of 
penetration and the saturation limit. 

When the solid considered is in the form of a sheet, the expressions 
from both papers may be written as equation (B). 

^ = 1 _ ® ( e-«‘ 4- + le-26*t ^ 

S TT* V 9 25 

for* * P 

when K «= (Andrews and Johnston) or — (Irany), 

d is the thickness of sheet, 

W is the total water absorption per unit area at time f, 

S is a constant depending on the saturation limit of the material 
under the conditions of the test, 

K, P, k are constants depending on the permeability of the material. 



The absorption of water by most homogeneous resins accords with 
equation (B), and hence follows the diffusion law. Andrews and 
Johnston (5) showed this held approximately for rubber, and later 
Leopold and Johnston (6) found it held accurately for clear Bakelite.” 
Irany (4) showed that diffusion was the governing principle in 
absorption by various polyvinyl acetates and acetals, but when these 
contained a filler the absorption rates followed the capillarity equation 
(A), even though the filler was a non-absorbent mineral powder. He 
also showed that the same equation held for a laminated Bakelite 
which contained a fibrous filler. Though Taylor (7) reported phenolic 
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resins and vulcanized rubber as reaching equilibrium (saturation), he 
found that in most cases water absorption followed the capillary law 
up to a point since the water absorbed increased as the square root of 
the time. Some of the results given by Kline, Martin, and Crouse (8) 
were used by Irany as examples of diffusion (see Table 2 later), but for 
the cast phenolic resin the original figures, with the exception of the 
final two measurements, fit a single constant parabolic curve as well as 
they do the curve drawn from Irany's two constants. 

A number of workers who have studied water absorption of various 
plastics, including materials containing fillers, have stressed that two 
factors are involved, saturation level and permeability. It is therefore 
of interest to examine the literature in which these factors have been 
distinguished, and to find what methods have been used to discriminate 
between them, and what significance has been placed on them. This 
is particularly necessary since both the British and the American 
standard test methods lead to but one numerical value as a measure 
of absorption. 

(a) Rate of penetration , — Irany used 4 in. by 1 in. specimens of 
various thicknesses sealed at the edges, which were soaked for 
prolonged periods, removed and weighed at intervals. To measure 
saturation, very thin specimens were used, of the order of 0*4 mm. 
thickness, while specimens for the measurement of the rate of 
absorption were approximately 2 mm. thick. 

In most cases of practical interest the rate of penetration is slow, 
and most of the water remains near the surface unless the exposure 
is sufficiently prolonged. Irany therefore concluded that experiments 
based on such short immersions as that accepted by the A.S.T.M., 
namely 24 hours at 25°C. for a specimen 0 125 in. thick, yield com- 
parative rate values but no information on absorption capacity. The 
scope of A.S.T.M. method D570-42 (9) is specifically limited in its 
first section to “ the procedure for determining the relative rate of 
absorption of water.” However, Note 2, later in the’ same section, 
causes confusion when it states that the test is ” a guide to the 
proportion of water absorbed by a material .” 

The water absorption test of B.S.S. 771 (10) specifies a thicker 
disc, approximately 0*4 in., and 7 days' immersion at about 20®C. 
It is not stated that only the rate of absorption is indicated and not 
the saturation limit. Test pieces of the same thickness as the B.S.S. 
specimens were used by Pinten (11), who soaked mouldings 100 mm. 
by 15 mm. by 10 mm. in size. He recognized that it is not possible to 
obtain a complete and reliable evaluation of water absorption on the 
basis of tests for such short periods as 7 days, for this, he said, gives 
only a velocity characteristic of the material, whereas saturation value 
is also important. Nevertheless he classified plastics according to their 
absorption in this period. 

Kline, after a more general paper which summarized existing 
tests (12), published with Martin and Crouse (8) vrhat is probably 
the most comprehensive work on water absorption. This paper 
provided the experimental basis for the present A.S.T.M. test. Using 
a selection of thermosetting and thermoplastic materials, these workers 
investigated water absorption during short and long immersions as 
well as the effects of conditioning the moulding in several ways. Their 



results do not point to any one set of conditions as outstandingly 
suitable for a test. Even with those adopted by A.S.TJd. and incor- 
porated in test D570-42, certain limitations must be borne in mind in 
intarpreting the results. 

From prolonged immersion tests Kline showed that for most of the 
materials maximum absorption was not reached until about 16 we^ 
or longer, though cellulose acetate and nitrate reached a m aximum in 
under 8 weeks, possibly in one week. It is obvious that immersion for 
24 hours, the time adopted for the A.S.T.M. test, measures only the 
initial rate of absorption and has no direct relation to saturation value; 
indeed the relative order of materials may be entirely altered by 
changing from one basis to the other, as is shown by the following 
extract from Kline’s results. 


Tablk 1. — Water Absorptions (Kline, 8) 


Material 

Percentage Gain during Immersion 

24 Bonrs 

100 Weeks 

Phenolic oast 



0-24 

7*0 

Methyl methaoiylate 



0*33 

1*5 

Pheo^o moold^ 



0'34 

6*8 

Una moulded 



0*76 

6*2 

Bthyl oelluloee 



0*83 

4*0 

Oellulose nitrate 



0*98 

(2*1)* 

Pdyvinyl butyral 



1*07 

9*8 

Cellulose aoetate 



2*5 

(6 •2)* 


* Seven days’ immersion (maximum value recorded). 


Too few data were given by Kline, Martin, and Crouse to permit 
the saturation values to be calculated for celMose nitrate or acetate 
since plasticizer loss between one ^uld eight weeks exceeded any gain in 
water. The fractional saturation reached in 24 hours by these materials 
and by a moulded phenolic shows, as an extreme example, that an 
arbitrary choice of time gives no comparable basis for different 
plastics. Lawton and Nason (13) gave water absorption figures for 
cellulose acetate and cellulose nitrate specimens 0-125 in. thick and 
less, which showed saturation values of 8 and 2-5 per cent, by weight 
respectively. In the first 24 hours’ immersion the two materials took 
up 2-08 and 0-98 per cent, water, that is, 25 and 40 per cent, of their 
total absorption. Figures in Table 1 show the phenolic moulding 
absorbed only 0-34 per cent, water in the first 24 hours, that is, 5 per 
cent, of its saturation capacity, which was 6-8 per cent, of its weight. 
Comparison of the different materials if made on the results of 24-hr. 
immersion, would be infiuenced more by rates of absorption than by 
saturation values, but would give a true picture of neither. 

Some of Kline’s figures were examined by Irany, who derived the 
constants tiiown in Table 2 for his diffusion equation (B). 
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Table 2.-— Cokstants for Diffusion* (Irany» 4) 


Ifateilal 

1 

[ 

S (Satorstlon) 

P (FermeabiUtj) 




Vol. % 

Sq.om./day 

Methyl methacrylate 

•• 

• • 

1-6 

0-0023 

Phenolic cast 

• • 

• • 

8*6 

0*0002 

Polyvinyl batyral 

•• 

•• 

10-3 

0*0003 


• These constants give only poor agreement with the original figures. 


These figures emphasize the conclusion implicit in Kline’s work» 
that saturation and permeability place materials in very different 
relative positions. They indicate, moreover, that the 24-hr. absorption 
does not correspond to the permeability constant in Irany’s equation. 
Sufficient figures from strictly comparable materials are not available 
to make detailed comparisons, but Irany’s permeability coefficients 
would place materials in substantially the same order as constants 
found for the diffusion of water vapour through plastics. 

(b) Saturation value . — From the literature it would seem that the 
existing type of test gives an approximation to the rate of water 
absorption, which satisfies the practical requirements of a specification 
limited to similar plastics. Moreover, it would at first appear that the 
saturation value, reached only after very prolonged immersion, is 
mainly of theoretical interest. The effects of the two factors, 
permeability, and saturation value, are described as follows by Irany: — 
A high saturation limit, S, indicates a high water concentration in 
the exposed surface and, eventually, deleterious effects in such applica- 
tions which depend mostly on the permanence of the surface (for 
example in protective coatings). On the other hand, a high rate of 
penetration, P, would not necessarily affect the surface, but would 
favour the rapid admission of water to the interior of more bulky 
objects and cause changes in shape, dimensions, strength, dielectric, 
or other vital properties.” Support is therefore given to the present 
standard type of test for most applications. However, the necessity 
for a means of measuring saturation value is shown by such papers 
as those of Mellon (14) and of Ckirdon, Brown, and McGrory (15), who 
considered that for protein plastics only the saturation value was of 
use. Mellon obtained his measurements in a relatively short time by 
reducing the thickness of the A.S.T.M. specimen to 1/16 inch, and he 
noted from a few tests that the method might be suitable for cellulose 
acetate, urea — and melamine — ^formaldehyde resins, but not for 
phenolics. 

A method which could be used for measuring saturation absorption 
is indicated by Shearman and co-workers (16). Adopting a new 
approach to the problem, they attempted to evolve tests for specimens 
cut from moulded articles, instead of using specially moulded test 
pieces. Miniature specimens were tested, and for water absorption, 
filings were also used. For the absorption tests, specimens 20 mm. by 
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10 mm. by 0*15 mm. were cut as shavings and immersed for 14 days. 
In general, materials were placed in the same order as by the standard 
B.S.S. test if results were expressed as absorption per unit area — ^a 
finding which seems anomalous, for one would have expected such thin 
shavings to have reached saturation. However, comparison of absorp- 
tions on a weight basis for small specimens immersed in water and for 
filings exposed to high humidity, gives some interesting results. The 
figures given in Table 3 have been taken from the report as an 
illustration, and it is obvious that the effects both of permeability 
and saturation are involved. 

Table 3. — ^Water Absorptions (Shearman, 16) 


Material * 

In Water 

In Air at 

100 Per oent. K E 

1 

Standard 

Small 

FiUngi 


Mg./sq.oni. 

Mg./lOO mg. 

Mg./ EX) mg. 

Phenolic, iKOod<flour filled 

3*24 

1*74 

15* i 

Phenolic, shock -resistant 

6-70 

6-26 

12*05 

Urea, moulded 

9-42 

9 -.>6 

10*2 


♦ A description of the materials has been given in preference to the trade 
numbers used by Shearman 


Though Shearman and his co-workers do not clearly distinguish 
between rate of penetration of water and saturation value, the two 
are obviously of differing importance in the various methods used. 
From their results the authors conclude that the filings method gives 
values characteristic of the material rather than of the moulding, since 
the features of the moulding mainly effective in preventing penetration 
of moisture have been destroyed by the reduction to powder. They 
state that both the filings method and that involving immersion of 
specimens will need to be used if full information regarding both 
moulding and material is required. It would be better, in our opinion, 
to interpret the results in terms of saturation and permeability. The 
differences found depend primarily on surface area and not on other 
characteristics of the moulded article as distinct from those of the 
material itself. 

Measurements of absorption in atmospheres of high relative 
humidity were compared by Zebrowski (17) with water absorptions 
obtained by immersion. He showed that phenolic mouldings exposed 
to a saturated atmosphere for a period of four years, absorbed water 
more slowly than by immersion, but ultimately attained a similar 
value. 

Thus two methods have been proposed for obtaining the saturation 
limits 6f water absorption: exposure of filings to atmospheres of high 
relative humidity, and immersion of thin specimens. The work of 
Shearman throws doubt on the validity of this second method, but we 
will discuss it later in conjunction with some of our own results. 







509 


(ii) The Standard Tests 

Assuming, now, that the short time immersion test with moderately 
thick specimens gives the comparative rates of absorption of water with 
sufficient accuracy for limited comparisons, it has yet to be ascertained 
whether the standard tests as described in A.S.T.M. and B.S.S. 
specifications are sufficiently defined. The details of the tests are set 
out in the experimental section of this paper, and in what follows 
certain aspects will be discussed in the light of published information. 
It is realized that there must be much information in the files of testing 
laboratories in America and England, but so far as we know this has 
not been collated. 

(a) Expression of results , — We have concluded above that the 
standard type of test measures a rate of absorption, and it follows 
that this would be more explicit if the test results were expressed as 
a rate. This is of importance since test results are often referred to 
by users of plastics who have little knowledge of the details of the 
specifications. B.S.S. water absorption results are reported as the 
weight of water absorbed. This implies an arbitrary standardization 
of specimen size, but does not sufficiently emphasize the importance 
of time. For the A.S.T.M. test, absorption is expressed as a percentage 
of the specimen weight. This is still less informative; it places the 
emphasis on weight of specimen rather than on area, and emphasizes 
the importance neither of specimen size nor of time. The adoption of 
this mode of expressing results is rather surprising, for it seemed that 
Kline, Martin, and Crouse (8) had accepted the assumption that 
absorption per unit area placed materials in their correct relative 
order, though admittedly they expressed most of their results on a 
weight percentage basis. Certainly with specimens of constant size 
the errors caused by using a weight percentage will be of a minor 
character: they arise from differences in the density of various 
plastics. The use of the method by Kline, Martin, and Crouse cannot 
be justified even this way, for they used thicknesses ranging from 
0-121 to 0-185 in., giving specimens varying by 6 per cent, at most 
in area, but in weight up to 40 per cent. 

(b) Removal of moulded surface . — With regard to differences in 
the experimental technique of the A.S.T.M. and B.S.S. methods, the 
most obvious is the machining of the specimen for the latter test. 
There is little published information on this, though the intention 
seems to be to avoid dependence on surface finish and to simulate 
worst service conditions. Azam and Luce (18) published a few results 
for tests on fabric-filled phenolic mouldings which imdoubtedly show 
a greater absorption by sanded specimens than by untreated ones. 
Their conclusion that full cure reduces the difference between the two 
types of specimens is not fully supported by their results. 

A more satisfactory treatment of this subject is published in a 
report by the British Electrical and Allied Industries Research 
Association (19). Their results indicate that specimens with the 
surface removed by grinding have an increased water absorptioiS, 
particularly if fabric-filled. The tests were based on B.S.S. T71, but 
went beyond its usual limit by including polystyrene and thermosetting 
resins other than phenolics, and also by prolonging the soaking period 
up to 72 days. It was concluded that the value obtained in the usual 
short-time test is likely to be a closer approach to the final (saturation) 
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value if the skin is removed from a moulding than if the skin is 
retained. This is certainly true, but it can only be of quantitative 
significance if the values obtained in the short time are of the same 
order as the saturation values. Results given later in the present 
paper show this is far from being the case for B.S.S. discs, and in the 
report cited insufficient time was allowed for saturation to be 
approached. 

(c) Conditioning of powder and specimen . — Conditioning of test 
pieces, before immersion in water, is required by both A.S.T.M. and 
B.S. specifications, and the merits of the conditioning periods specified 
will be discussed later. In neither specification are limits placed on 
the treatment of specimens between moulding and conditioning, nor 
is any attempt made to ensure that moulding powders are in a standard 
state before moulding. It is generally recognized that the moisture 
content of the powder infiuences the water absorption of the moulding; 
however, few figures are available, probably because knowledge of how 
to obtain the best article from a powder has been regarded as part of 
a successful moulder’s art. In two reports by Barwell and Pepper (20) 
are details of the water absorptions for laminated paper impregnated 
with a phenolic resin, and dried to different degrees before pressing. 
There was a very marked decrease in water absorption with increased 
(hiying before moulding, but the authors pointed out that The results 
obtained after even 7 days’ immersion in water are not saturation 
values and may be interpreted only as evidence of the rate of water 
absorption.” 

Recent interest in high-frequency pre-heating of moulding powders 
has focused attention on the treatment before moulding. Dring (21) 
has shown that under the conditions of B.S.S. 771, but using specimais 
moulded after high-frequency pre-heating, there is a decrease in water 
absorption as compared with normal mouldings, from 107 mg. to 80 mg. 
for a good wood-fiour filled phenolic powder, and from 147 mg. to 
101 mg. for a xylenol resin with wood-fiour filler. It is possible that 
the effect on water absorption is wholly due to the drying of the 
powder, though undoubtedly this method of pre-heating allows a 
thoroughly hot powder to be used in the mould, with consequent 
improvement in flow and^ reduction in curing time. With regard to a 
closely allied subject, it' is of interest to note the graph given by 
Pinten (11), which shows that post-stoving of specimens (24 hours at 
150®C.) not only decreases the rate of absorption but also lowers the 
saturation value. 

(d) Moisture content of powder . — ^It is usually assumed that the 
powder as received is the material to be tested. However, samples are 
not always kept in airtight containers, and it may be desirable to 
condition them to a standard low humidity before moulding. If so. 
the moisture content of the powder before and after conditioning should 
be determined. No standard procedures have been suggested for 
determining the moisture content of thermosetting moulding powders. 
Cornish (22) states that work in the laboratories of Messrs. Halex 
Ltd. l}as shown that most methods suggested for determining the 
moisture content of moulding powders are unreliable. He used the 
Karl Fiseher reagent and obtained satisfactory results with several 
types of powders. His procedure should serve as a useful guide in the 
preparation of a standard test. 
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3. Experiinefitel 

The published work just reviewed is insufficient for comparison 
of B.S.S. and A.S.T.M. methods of determining water absorption, and 
for deciding whether such factors as moisture content of the moiilding 
powder or storage of specimens after moulding, at present not men- 
tioned, should be delimited. The evidence regarding the usefulness 
of thin specimens for determining saturation values is conflicting. 
The tests described in the following sections provide some further 
information to assist in formulating a standard test, and indicate 
lines for further work should it be considered desirable to measure 
the absorption at saturation. 

(i) Materiala Used 

The moulding powders used in the preparation of the test pieces 
were all commercial products of Australian firms except Nos. “E” 
and F ” which were imported. Some details of their composition are 
given in Table 4. The approximate impact strengths (B.S.S. Izod) are 
also given, since water absorption is often taken to a limited extent as 
varying in the same way as impact strength, though not propor- 
tionately. The moisture content of the powder as measured 
immediately before moulding specimens is also given in this table, 
though for some tests made at different times other values were found 
and are quoted with the relevant experiment. 


Table 4. — Powders Used and Their Moisture Contents. 


No 

Type* and Filler 

Filler 

Beein 

Type 

I*od. 

Hoiiture Oonteat 

Normal 

Dried 



% 


ft./lb. 

% 

% 

A 

OX Wood-flour 

42 

2Staee 

0-27 

4*2 

1-8 

B 

HS Macerated Fabno . . 

44 

2 Stage 

0*9 

6*3 

3*8 

C 

MS Mixed Wood and 

46 

1 Sta^ 

0-4 

6-6 

, , 


Fabno 






D 

Mioa .. 

68 

2 Stage 

0* 12 

, , 

1*8 

£ 

OX Wood-flour 



, , 


1*95 

P 

HS Canvas 



(1.0) 

6*6 

2*4 

O 

OX Wood-floor 

42 

2 Stage 



, , 

H 

G Wood-floor . . 

42 

2 Sta^ 

, . 

4*6 

. , 

J 

£xpl. Wood-flour 

25 

1 Sta^ 

0-18 

4-0 

1*3 


* According to 771. 


(ii) The Standard Methods 

German methods for testing moulded plastic materials need not 
be discussed here for Specification DIN 7701 (23) includes only a 
qualitative test, namely, immersion for 15 minutes in boiling water, 
a process which should bring about no significant change. 

Quantitative methods are set out in British Standard Spedflcation 
(B.S.&) 771-1938 (10) and in D570-42 (9) of the American Sddety 
for Testing Materials (A.S.TJiI.). Essmtially the two tests are similar: 
they involve moulding a disc, immersing it in water for a given period, 
dr>dng and determining the increase in weight Briefly the detafls 
which apply to moulded phenolic materials are as follows: 
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B.S.S. 771-1938, Appendix R 

A disc 50 ±1 mm. (1*97 ±: 0-039 In.) diameter, 12 ± 1 mm. (0-47 ± 
0-039 in.) thick, is moulded in a positive type mould under specified 
conditions of pressure, temperature, and time; cooling in the mould 
under pressure is allowable, which vsu'ies the last two conditions. The 
skin is removed by machining, leaving a disc 48 ±0-2 mm. (1-89 nt 
0-008 in.) diameter 10 ±0-2 mm. (0-394 ± 0-008 in.) thick. This is 
conditioned for 1 hour at 50® C. cooled in a desiccator, weighed, immersed 
in water at 20®C ± 5® for 7 days, wiped dry, air-dried for 5-15 mins, 
and weighed. Water absorption is expressed as mg. increase in weight. 

A.S.T.M. D570-42. 

A disc 2 in. diameter, 0-125 ± 0-007 in. thick, is moulded, suitably in 
the type of mould detailed in method D647-4CT (24), which shows a 
fully positive mould in which the chase is only 0-020 in. higher than 
the two forces together. No conditions are given for making the 
moulding though the 2 in. disc will ultimately be included in D7%-44T 
on moulding practice (25). The disc as moulded is conditioned for 24 
hours at 50*C. ± 3® or for 1 hour at 105-110®C. if comparison with other 
plastics not required. It is cooled in a desiccator, weighed, immersed 
in water at 25®C. ± 2® for either 2 hours or 24 hours (the latter usually 
for phenolic mouldings), wiped dry and weighed immediately. The 
weight increase, expressed as a percentage of the weight of the 
conditioned specimen, is taken as the water absorption. 

It is of interest to note that in the forerunner of this test, D48-39, a 
4 in. disc i In. thick was used. All materials not affected by such 
temperatures were conditioned for 24 hours at 100 ®C. ±5®, and 48 hours' 
immersion at 25®C. ± 2® was required. 


(iii) Methods Used 

Water absorption determinations were made by the B.S.S. and 

A. S.T.M. methods. A fully positive mould was used, giving a disc 
2 in. diameter. The weight of charge was adjusted to give 0-45 in. 
thickness for B.S.S. specimens and 0-125 in. thickness for A.S.TJ^. 
To minimize the possible effects of storage before conditioning a strict 
time schedule was observed. A.S.T.M. discs were placed in the con- 
ditioning oven the day after moulding and immersed the next day. 

B. S.S. discs were machined the day after moulding and conditioned 
and immersed the next day. Most experiments were done in duplicate 
but for the long-term soaking and some other tests five specimens 
were used for each set. iThe moulding schedule was arranged so that 
as many treatments as possible were covered each day, and replicates 
were moulded on different days. Powders were moulded at 3,000-4,000 
lb./sq.in. and 160°C. ± 5^, the B.S.S. specimens for 15 mins., the 
thinner A.S.T.M. ones for 6 mins., except where otherwise stated. 

After immersion and before weighing, specimens were wiped 
rapidly with damp and with dry cloths, left on a three-point suspension 
under a crystallizing dish to dry in still air for 5 minutes and then 
weighed. Discs immersed at 50°C. were left 15-45 mins, in water at 
25°C. before weighing. Immersion was normally in distilled water 
at 25°C. ± 1®, specimens being held on edge in slots cut in a bent 
piece of methyl methacrylate sheet. 

I 

Moisture contents of powders were determined by heating 2*4 g. 
samples at 100°C. for 24 hours, using shallow aluminium dishes 
covered by lids during the cooling and weighing. Dishes were cooled 
on a metal block in a desiccator for 10 mins, and weighed immediately. 
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(iv) Drying Wet Bpedmena before Weighing 

The difference between the details given in the A,S.T.M. and B.S. 
specifications concerning the drying of the discs after soaking and 
before weighing probably originated because of the rougher surface 
of the machined discs in comparison with the smooth mould finish. 
A.S.T.M. procedure is to remove the surface water with a dry cloth 
and weigh immediately, whereas B.S.S. specify a thorough drying by 
pressing with blotting paper, followed by more than 5 but less than 15 
minutes’ drying in still air at 15-25°C. 

Materials that gave a range of water absorptions were tested. 
Discs were weighed at intervals after wiping with a towel. Machined 
discs required 5 minutes' air-drying before they appeared super- 
ficially dry. Results were slightly erratic as might be expected from 
the nature of the experiment, but the loss during drying varied with 
the water absorption. The results set out in Table 5 are grouped 
according to the range of water absorption, and are sufficiently 
accurate only to show the order of the error. 


Table 5. — ^Drying op Discs before Weighino 


Disc 

Absoiptlon 

Drying Error in Interval 

1-4 mm 

1-11 Mins. 

1-20 Mins. 


mg. 

mg. 

■ 

mg. 

mg. 

A.8.T.M. . . 

2~16 

0-1 

0‘2 

0*3 

♦» • • • • 

40-140' 

0’3 

1*5 

3*0 



5-10 Miiui. 

5-15 Mins. 

5-80 Mins. 


i 

1 

mg. 

mg. 

mg. 

B.S.S . I 

1 

100-120 

2-0 

3*5 

6*0 

1 

1 

»» • • 

160-200 

4-0 

1 

, 6-0 

9-0 


(v) Absorption during Prolonged Immersion 

A test was made to find the effect of prolonged immersion on the 
water absorption of different types of phenolic mouldings. 

Materials A-D (Table 4) were used. Conditioning for both B.S.S. 
and A.S.T.M. size of specimens was 24 hours at 50^C. Five specimens 
were used for each series of measurements. Owing to the numbers 
involved, up to a week was allowed between moulding and setting up. 
Immersion was at 25° and 50°C. and specimens were replac^ in 
water after each measurement. With the prolonged immersion of 
many specimens, particularly at the higher temperature, it was 
thought preferable to change the water every few weeks. In the later 
stages the 50° specimens were placed in water in a 1-gallon bottle 
with a screw lid, and left in an oven. A strong smell of naphthalene 
developed and the solution became slightly alkaline. No allowance 
was made for any material extracted by the water. 

Most of the results are represented in Figs. 1-3, though some of 
the points for short-time immersion have been omitted to simplify 
the figures. In general, the results are of the type expected, with 
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the absorptions in 24 hours or 7 days tmly a small proportton of 
the saturation value, and with the thidcer specimens a^tbing a 
greater total weight of water. 

The tiiape of most of the curves points to dilfusion being the 
governing process and this has been confirmed by finding dose agree- 
moit with a theoretical curve in some ca^s, and approximate agree- 
ment in others. TTie results did not fit the capillary absorption equation 
(A) given earlier, and moreover this equation makes no allowance 
for attainment of a saturation limit. For e]q>ressing the results 
according to equation (B), all its terms after the first may be 
neglected for values of Kt greater than about 0*25, when W/8 is over 
0*37. The expression then reduces to the form (C) in which it was 
used by Irany. It can also be written as shown in (D), the form used 
by Andrews and Johnston. 

IF =S ■ 6 




(D) 


In using this equation we chose a suitable value for S after graphing 
the results. Observed values of W were neglected when W/8 was 
below 0*37 (since the simplified equation does not then hold), and 
also when W was nearly equal to 8 (since small deviations are imduly 
magnified). Values for the remaining points, expressed as in (D), 
were then averaged. Division gave K, the permeability constant for 
the thickness of specimen under consideration, values for which are 
shown in Table 6. The derived curves are drawn as full lines in 
Figs. 1-4. 





515 


Tablb e^I^mnnoN Constants (Equation B) fob Absobptwn. 


POfirte 

Twl 

Tta&p 

Agreement 

with 

ObeervettonB 

8. 

K. 





\l. 


% 

l/da7 

M. In. 

7d»y 

A 

lIDn. 


25 

Good .. 

5*30 

0-56 

mm 


99 

•• 

50 

Good .. 

6-60 

2'11 

0*0032 


A.S.T.M. 


25 

Poop 

mg. 

700 

O’Olft* 

O-OOOfo* 


99 

, , 

60 

Poop 

700 

O’lO* 

O’OOW* 

A driod •• 

99 


50 

Poop 

925 

0’065* 

0*0010* 

ft • • 

B.8.S. 

, , 

25 

Satoration not apnroached 


$9 • • 

99 

• • 

50 

Poop 

2,260 

0-016* 

0*0024* 

B 

Kin. 


25 

Good 

% 

4 ’35 

0*87 

0*0013 


•f 


50 

Good 

4-35 

2*50 

0*0038 


A.6.T.K. 


25 

Good 

«6 


0*00003 


•• 


60 

Good 

475 

0*20 

0*0031 

B dried .. 



60 

Good .. 

625 

0*12 

O’OOIS 

99 • • 

B.&S. 


25 

Satiipation not apppoached 


t* • • 

•( 


50 

Faip 




0 

A.aT.M. 


25 

Fair 

440 

0*039 

0*00061 


»( 


50 

Good 

490 

0*175 

0-0027 

D dried 

tf 


25 

Saturation n 

ot approac 

died 


99 • • 

ff 


60 

Poop 

300 

0-0088* 

0*00014* 

J 

•» 


50 

Good 

800 

0*125 

0*00195 

J dried .. i 



50 

Good 

1,100 

0*106 

0*00165 


* Where the curve calculated from these constants agrees only poorly 
with the points observed, the constants must be tsdcen as approximations 
only. For comparison of the curves see Figs. 1-4. 


CSood agreement between experimental results and the require- 
ments of the diffusion equation was not obtained in all instances, and 
was particularly poor for the wood-flour fllled powder. For this 
material, the graph of results expressed as in equation (D) gave a 
flat sigmoid curve which approximated to a straight line through 
the origin. From the graph of absorption against time, it can be seoi 
that, for a considerable portion of the process, absorption by the 
wood-flour fllled mouldings is directly proportional to time. 

The deviations from the theoretical idiape of curve are small 
enough to warrant the assumption that diffusion is the main process 
involved, but that the postulates made in deriving the equation are 
not all fulfllled. Some capillary action would be exjiected with the 
celluloslc flller, but this should be gresatest with the fabric filler whld) 
nevertheless gave the best agreement with the diffusion eqwtlon. 

The saturation values were usually similar at 25° and 50°: this 
was confirmed by using miniature specimens (see Section 3 (vl)). 
With the wood-flour filled mouldings the higher temperature caused 
an increased absorption in some instances. Tlie total absorption 
(saturation absorption) on a weight percentage basis was hl^^ier with 
the larger qiedmens. For the BBJS., A.S.T.M. and miniature speck- 
toms respectively, 9-4, 8*0, and 5-5 per cent were found for the 
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wood-flour and 7*2, 5*4, and 4*4 per cent for the fabric-filled material. 
There appears to be no simple explanation for this but it must be 
kept in mind in formulating a test. 



In Section 3 (vii) of this paper, figures will be given showing the 
decrease in water absorption, as measured by the conventional tests, 
caused by drying the moulding powder before making the test piece. 
The constants listed in Table 6 indicate that, in the present test, 
mouldings from pre-dried powders had a lower permeability than 
those from powders of higher moisture content, but that at satura- 
tion they had absorbed a greater amount of water. This difference 
in saturation absorption may merely refiect the initial difference in 
moisture content and indicate that at saturation a moulding has a 
constant water content irrespective of the moisture content of the 
powder from which it was made. Pre-drying of powders “ A,” “ B,** 
and ‘‘ J ” caused moisture losses of 230, 230, and 240 mg. respectively, 
while mouldings from the dried and normal powders differed in total 
absorption by 225, 250, and 300 mg. for the powders mentioned. The 
significance of this approximate correspondence has not yet been 
determined. 

The reversal of the relative order of different types of moulding 
materials when compared at saturation and not, as is usual, in the 
initial stages of absorption, is clearly shown in Figs. 1, 2, and 3 
where the curves for materials '‘A” and “B” cross after 50 days' 
soaking for A.S.T.M. discs at 25^C., and after a similar period for 
the B.S.S. size of discs at 50®C. 

Cdmparison of results obtained with the two sizes of specimen is 
only valid for the pre-heated powders, all the present B.S.S. specimens 
having been made with them. Figures for the initial absorptions at 
50®C. are given in Table 7. 
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Table 7.— Water Absorptioks of B.SJS. and AJS.TM. Discs 


Time. 

Water Absorption (mg. per diso) at 50* C. 

Powder ** A ” (dried). 

Powder I 

r* (dried). 

A.S.T.M. 

B.8.8. 

A.8.T.M. 

I B.8.8. 

(days) 


! 



1 

97-3 

97-4 

122-2 

161*1 

4 

228 

1 211 

275 

303 

6 

299 

270 

:147 

373 

8 

366 

322 

li»8 

436 

11 

460 

389 

184 

611 


The greater absorption for the B.S.S. fabric-filled discs (“B’O 
than for the corresponding A.S.T.M. ones, is probably due to the 
removal of the resin skin exposing the fibres of the filler and allowing 
rapid absorption. With the wood-fiour filled specimens C*A”)i after 
an initial similar value, the A.S.T.M. disc showed a more rapid 
absorption despite its smaller area — ^7*07 sq.in. as compared with the 
B.S.S. disc’s 7*93 sq.in. This may be connected with the difference in 
curing time. Similar conclusions may be drawn from the constants 
P given in Table 6. Comparisons made after thus allowing for the 
specimen thickness, show differences which are probably due to factors 
just mentioned. Hie agreement between the values for P for the 
high shock resistant moulding, preheated for B.S.S. and not pre- 
heated for A.S.T.M., is most likely fortuitous. 



Fig. 3. — Specimens immersed at 25® and 50®C. 


(vi) Testa Using Small Specimens 

Most of our experiments have been made using the conventional 
mouldings, but a short test was carried out with much smaller 
specimens. These were prepared by grinding pieces cut from i in. 
C.8834/47.— 4 
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tfaidc AJS.TM. discs in a jig similar to the one described by Shearman 
(16), and used for making his test pieces for medumicad tests, llie 
size of specimen we used was 40-45 mm. by 10 mm. by 1 mm., both 
sides be^ ground. 

Powders " A,” wood-flour flUed, and “ B,” fabric-fliled, were used. 
The results are shown graphically in Fig. 4. 



Fig. 4. — ^Immersion of miniature specimens at 25* and 50*C. 

More extensive tests would be necessary before conclusions could 
be drawn with safety regarding such matters as the differences 
between total absorptions at different temperatures. The reversal of 
the relative absorptions of the wood-flour flUed and the fabric fllled 
materials between the initial determination and the later ones has 
been discussed more fully in Section 3 (v), where long immersion tests 
on full-size specimens are described. It is clear that with the miniature 
specimen used absorption'' is virtually complete in a ccnnparatively 
short time, only 7 days being required at 25° and 3 days at 50°C. 
It is unlikely that these periods would be sufficient for water-resistant 
materials such as mica-filled phenolics. 

It seems anomalous that these 1 mm. thldc specimens should 
apparently reach saturation in a week at 25°C. sridle the pieces only 
0*15 mm. thick used by Shearman were apparently not saturated in 
a fortnight (see Table 3 earlier). It is possible he used surface shavings 
while his filings were more truly representative of the whole moulding . 

(vll) Effect of Moisture Content of Powder 

As already mentioned, there is no published information on the 
extent to which the moisture content of a moulding powder influences 
the wafer absorption of moulded specimens. If the effect is con- 
siderable this factor will be of importance in drawing up a qiedflcatlon 
for two reasons. First, some conditioning procedure shoi^ be laid 
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down tf results ot a test are to indicate a property of the powder 
independent of normal variations of prior treatment Second, the 
moisture content of powders may be changed not only by direct pre- 
heating and such commonly adopted devices as breathing during 
moulding, but also duuice variation in the time taken to load and 
dose die mould. 

To determine the effect of (hanging the moisture content of a 
powder, on the water absorption of the resultant moulding, the 
following experiment was carried out: 

The two powders used, “E" and "F,” contained wood-flour and 
canvas flUers respectively. Both powders were used with two moisture 
contents. Owing to the tendency of the thicker mouldings to become 
domed soon after pressure was released, mouldings of “E” with the 
hither moisture content were cooled to 120*C. before ejection, the 
mould being transferred rapidly to a press with cold platens at the 
end of the IS minutes normal cure. With powder “F," all mouldings 
were ejected hot but immediately pressed between cold platens with 
2,000 Ib./sq.in. pressure. All AJ3.T.^ discs were ejected hot. 

Ckmdltlonlng of specimens was according to the speciflcation — 1 hr. at 
50*C. for BBS., 24 hrs. at 50*C. for AB.T.M. 


Table 8. — ^Watbb Absobftion and MoiErruBB Content of Powdeb 


Matertel. 

Water AbeorptloB (mg. per qpediDe 

B) 

-1 

V 

i 

MoltCBn OontflBt (per cent.) 

ft-8 

105 

5 6. 

t-4. 

B.8.& <7 days) 

166 

106 

Bi 

167 

A.8.TJI. (7 d»y«) .. 

106 

102 

237 

163 

« (1 d.y) .. 

35 

34 

70-3 

63*2 


Table 8 shows that drying powders by pre-heating can cause an 
appreciable reduction In water absorption. Alternatively this can be 
regarded as indicating that a powder which initially would have passed 
the watm: absorption requirement of a specification, may fail to do 
so if the Initial low moisture contoit is not maintained. 

(vlii) Effect of Conditioning Specimens 

Unless a specification covers the treatment of a specimen from 
the time it is moulded imtll the test commences, the conditioning 
treatment givei to a specimen should be suflQcient to'annul its normal 
previous history. The B.SJ5. conditioning period of 1 hr. at 50°C. is 
apparently designed to remove surface moisture only, while 24 hrs. 
at 50°C., as specified by A.S.TJd., is meant to dry the specimen to a 
standard condition. In neither specification is there any limit to the 
time whl(ih may elapse between moulding and conditioning ffw 
specimen. 

To find whether the (xinditioning specified was sufilcient to canod 
the effect of a severe but by no means improbable treatment of 
qiecimens, the following test was made: 
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SUgfttly dried powders were used; 

had a moisture content of 1*8 per cent.; B, a fabric-fliled powder, 
had 4*1 per cent. 

The specimens after moulding (and machining for the B.S.S.), were 
dirided into two sets; one was conditioned and tested according to the 
time schedule adopted for most of our tests, the other set was first 
stored for 14 days at 25 ®C, smd 75 per cent, relative humidity and then 
conditioned and tested. 


Table 9. — ^Water Absorption and Conditioning Treatments 


i 

Powder “A.*' 

1 

1 

Powder ** B." 


AbBorption. 

Decreased 

Absorption 

Alter 

14 Days 

R.B. 

Absorption. 

Decreased 

Absorption 

Alter 

14 Days 
at 75% 
R.H. 

No Pre- 
treatment. 

14 Days* 
Storage 
at 7^ 
B.H. 

No Pre- 
treatment. 

14 Days' 
Storage 
at 7^ 
B.H. 


mg. 

1 

mg. 

% 

mg. 

mg. 

% 

B.8.B. (7 days soak- 







ing)— 





i 


1 hr. conditioning 

96 

71 

26 

197 

139 

29 

24 hrs. conditioning 

101 

88 

13 

213 

180 

16 

A.S.T.M. (24 hrs. oon- 

1 






ditioning)— 

1 day soaldng 

32-2 

32*0 

0*6 

63*2 

61 *6 

3*2 

8 days soaking 

108 

94 

12-6 

183 

162 

11*6 


The results in Table 9 indicate that even when specimens had been 
conditioned for 24 hours the fortnight at 25°C. and 75 per cent, 
relative humidity was sufficient to decrease the water absorption over 
a week by 11-15 per cent. With 1-hr. conditioning the storage 
decreased the absorption by 26-30 per cent. With the 24-hr. soaking 
of the A.S.T.M. the difference was only slight, confirming the results 
of Kline, Martin, and Crouse (8). 

Two conclusions can be drawn. If the short period of soaking is 
accepted the A.S.T.M conditioning period may be sufficient, but even 
then it would be desirable to place some restriction on the treatment 
a specimen may receive between moulding and testing. This certainly 
should be done if the longer soaking period is adopted. The condition- 
ing required by the B.S.S. test is inadequate unless treatment of the 
moulding is to be rigidly defined. 

Choice of the best drying period should be based on a knowledge 
of the rate of drying of the specimens. Discs of A.S.T.M. dimensions 
moulded from powders “ A ” and “ B ” were dried at 50° or 100°C. 
and weighed periodically. The results have been graphed in Fig. 5 
and show that the loss of moisture is slow and that specimens lose 
less moisture when made from dried powder. In contrast to water 
absorption, the wood-flour filled mouldings of “ A lost weight more 
rapidly* during the conditioning period than did those of the fabric- 
filled ** B,;’ and though the powder of A ” contained less moisture, 
its mouldings lost a greater amount than did those of The 

constants given in Table 10 were used to calculate the curves shown 
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as full lines in Fig. 5. These curves agree moderately well with the 
experimental points, the earlier values being the farthest out, and 
indicate that diffusion of water to the surface of the disc is the 
process which governs the rate of moisture loss. 



Table 10. — Diffusion Constants (Equation B) for Drying 


Powder 

1 Moisture 

Content. 

Temp. 

S 

K 


/o 

“C. 

mg. 

1/day. 

“ A ” 

2 2 

50 

35 

(not oalo.) 


5*2 

.50 

245 

0*022 


1 ,5 -6 

100 

400 

0-13 

“ B ” 

4*5 1 

.50 

35 

(not oalo.) 


7*0 

50 

165 

0-027 


7*8 

loo 

310 

0-16 


Another aspect of drying is of importance since the A.S.T.M. sets 
out a procedure for reconditioning specimens after they have been 
immersed, in order to ascertain whether there has been any loss of 
water-soluble material. In view of the very slow loss of moisture from 
specimens made from dried powders,* we measured the moisture losses 
after discs had been immersed in water for 24 hours or for 7 dayu 
after the standard conditioning of 24 hours at 50®C. The results 
obtained with powder “ J ” have been graphed in Fig. 6, and the 
figures obtained with this material and powders “ A and “ B ” in 
the first few days’ drying are set out in Table 11. It is apparent that 
the difference between the conditioned and reconditioned weights is 
dependent on the moisture content of the moulding powder and not 
on a loss of water-soluble material. 
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Tabu 11.— S0AB3M0 Ain> I^rrmo SPBOOMonra 


Fowte. 

Uolfftiiie 

Oontent 

DiffaenM firom Ooadttloiied WtigtA After-* 

24 hn. 1^*0. 

Siedifliiff 

84 hn. U 50*0. 

72 hn. alTira. 


% 

mg. 

mg. 

mg* 

“A’* 

4-6 

28*8 

- 2*7 

- 16*6 


1-4 

28*6 

4*4 

2*2 

** B ’* 

8*1 

62-6 

- 6 *8 

- 26*7 


4*1 

40-8 

7*6 

4*6 

“ J ’• 

4*2 

70-6 

- 3*1 



2*3 

78-8 

8*8 

*• 


(ix) Effect of Moulding Pressure and Use of Pressure Bar 

A test was made to find whether the limits of moulding pressure 
allowed by B.SJS. 771, 1-2 tons per sq. in., made any appreciable 
difference to the water absorption of the mouldings. At Ae same 
time the effect of a pressure bar was examined since this is sometimes 
used as a means for ensuring mouldings of correct thickness, and 
its use is not specifically excluded in the A.S.T.M. specification. With 



a pressure bar the platen rests on the bar and chase as well as on 
the fordes when the moulding is of correct size. If the charge moulded 
is too small, or if material can flow away in the clearance between 
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forces and chase, the pressure on the moulding may differ from that 
apparently exerted. In extreme cases an obviously defective moulding 
will be produced. 

In the first test the B.S.S. was followed, but specimens were 
conditioned 24 hours at 50®C. before immersion. Two samples of a 
wood-flour filled powder “G” were used, differing in flow properties, 
but as the mould used gave very little flash from either, the results 
have been averaged. Two specimens of each powder were used for 
each condition. Moulding was at 155*^0 ± S'", at the pressure indicated, 
curing being 15 minutes for the hard flowing material and 20 minutes 
for the soft, the extra time being allowed in order to minimize doming 
which tended to occur though the moisture contents of the two powders 
were only 1*6 and 2*1 per cent, respectively, the latter being for the 
softer material. The charge used at first was sufficient to give a 
moulding of the desired thickness with no pressure bar in use. The 
results are given in Table 12. 

Tablb 12. — Effect of Moulding Pressure on Water Absorptiok 


B.S.S. Type Test with Powder " G 



PreMon. 

Density. 

Tblckneas. 

Water Absorption. 

1 Day. 

7 Days. 

g* 

Ib./sq. in. 


in. 

mg. 

mg. 

31*5 

2.000 

1*337 

0*44» 

80*3 

121*6 

81*5 

4,600 

1*338 

0*449 

46*4 

116*8 

29*0 

,> 

1*337 

0*412 

44*4 

113*0 

31*6 

(Bar) 

1*338 

0*449 

47*0 

117*9 

29*0 

» (Bar) 

1*260 

0*438 

48*4 

124*8 


The results show a slightly greater absorption with the lower 
pressure though this gave no significantly lower density. The smaller 
charge led to increased water absorption and definitely reduced 
density when a bar was used: the moulding appeared perfect. 

A similar test was carried out using A.S.T.M. sized specimens and 
moulding all for 6 minutes at ISS-ieO*" and 3,000 lb. per sq. in. Materials 
were powders H wood-flour filled, and “ B high shodc resisting, 
vith moisture contents 4*6 and 6*9 per cent, respectively. The results 
are shown in Table 13. 

Table 13. — Effect op Weight of Charge on Water Absorption 


A.S.TM. Type Test 


Powder. 

Charge. 

Thinness. 

Relatire Density. 

Wrtw AtPwroUoa 
(7 Da,i). 

Bar. 

Normal. 

Bar. 

Normal 

Bar. 

Nomyd. 


g* 

in. 

in. 


■ 

mg* 

mg. 

** H ** 

9*2 

0*129 

0*129 

1*373 

1191 

131 



8*9 

0*126 

0*124 

1*369 

Biafl 




8*6 

0*122 

0*121 

1*356 

Hil 

■til 

110*4 


8*8 

0*122 

0*114 

1*306 

■HI 

128*9 

113*1 


9*2 

0*123 

0*121 

1*377 

1*388 

175*3 

170*7 


8*9 

0*121 

0*116 

1*368 

1*386 

175*4 

171*4 


8*6 

0*181 

0*117 

1*360 

1*390 

182*4 

167*2 


8*3 

0*183 

0*109 

1*284 

1*391 

368*8 

176*9 
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The surface finish of the lighter weight discs moulded with the 
liressure bar was slightly inferior to the others, and one of each 
duplicate for each material at the lightest charge was incompletely 
filled out, being crumbly at one spot on the edge* The results show 
that the use of a pressure bar can lead to decreased densities and 
Increased water absorptions if light weight charges are used, and the 
mouldings may not appear defective. 

(x) Effect of Temperature of Immersion, 

The temperature of the water in which discs are immersed will 
obviously have a great influence on the rate at which it is absorbed, 
though it may not greatly influence the total uptake. Since the 
standard tests are essentially a measure of the rate so far as moulded 
phenolics are concerned, temperature control will be of great 
importance. In the A.S.T.M test the temperature and limits are set 
out as 25®C. ± 2° whereas 20°C. ± 5® is allowed by the B.S.S. 

A simple test was made using powders “ G '' (wood-flour filled) and 
(canvas filled) moulded into discs of the AJ5.T.M. size. After 
24 hours drying at 50^*0. these were immersed in water baths at different 
temperatures, five specimens of each powder being tested at each 
temperature. 

The results set out in Table 14 show that the 10^ range permitted 
by B.S.S. is too liberal and a range of zb 2^ is the most that should be 
allowed for the results to be reasonably accurate, though even this 
will permit a variation greater than 5 per cent. 

The choice of testing temperature must be based on other considera- 
tions and in Australia the ambient summer temperatures make 25'^C. 
more simply attained than a lower figure. 


Table 14. — Effect of Temperature on Immersion 


Powder. 

Time of 

Weter Absorption After Immersion at — 

Immersion. 

10«C. ± V, 

14‘*C. ± 2®.* 

20T. ± V, 

25'»C. ± 1®. 

30“C. ± 1®. 


days. 

mg. 

mg. 

mg. 

mg. 

rag. 

“ G ** 1 

1 1 

18*1 

18-6 

24-9 

30-(» 

37-3 


2 

25-8 

28-8 

36-3 

43*4 

54-4 

j 

3 

31*3 

.33-1 

45-2 

.54*5 

69-3 

1 

7 

48-3 

52-2 

72-6 

88-8 

116*2 

«f y »i 

1 

31-2 

34-7 

46*8 

57*8 

66*3 


2 

60-6 

.54- 1 

73 6 

88-5 

I(i3*4 


3 

03*5 

70-3 

95-7 1 

116*0 

135-3 


7 

102-8 

121-6 

]68'4 

204*. 5 

241-3 


♦ Controls on the thermostat were inadequate and average temperature 
was probably lower than shown. 


^ 4. Conclusions 

The work at present reported and the papers reviewed lead to 
conclusions which should assist in the choice of a suitable method 
for testing the water absorption of phenolic mouldings. 
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Before setting up a specification test, it is essential that the testing 
authorities should recognize the two independent factors involved, 
rate of penetration and saturation level, and decide which is to be 
measured, particularly if different plastics are to be compared. The 
present type of test as set out by both A.S.T.M. and B.S.S., indicates 
only the initial rate of absorption, and results are not comparable 
over a wide range of plastics. Thin specimens or filings may be 
suitable for finding saturation values in reasonably short periods, 
but insufficient work has been carried out to indicate the scope or 
limitations of such tests. Absorption from a saturated atmosphere 
is slower than from water, but by either method almost the same 
saturation level is ultimately reached. 

With regard to the conventional method of test, both A.S.T.M. and 
B.S.S. procedures are sensitive to the history of the moulding powder 
and moulding prior to conditioning, though the A.S.T.M conditioning 
does more to eliminate variations than does the short period required 
by B.S.S. Limits should be set to the time allowable between mould- 
ing the specimen and conditioning it for test, and to the humidity to 
which specimens may be exposed in that period. Moulding pressure 
should be limited to a narrower range than that allowed by B.S.S. 
A fully positive mould should be specified. 

A disc of the dimensions required by A.S.T.M. is preferable to the 
thicker, machined disc, for the latter is more difficult to mould with 
some powders, and the machining achieves no real advantage. 

Since an arbitrary time must be chosen for a standard test, 
24 hours should be adopted when different types of plastics are to be 
compared. A longer period, 7 days, is preferable when comparing 
similfir plastics with slow rates of penetration. 

Phenolic plastic discs after soaking are not subject to large 
evaporation losses within the specified period of up to 15 minutes after 
removing superficial water, though several minutes must be allowed 
initially for air drying of machined specimens. 

For Australian conditions a higher immersion temperature than 
20°C. is advisable. The 10® range permitted by B.S.S. is too wide. 
The A.S.TJM. conditions 25®C. hh 2® for immersion would be 
satisfactory. 

Results should be expressed as weight absorbed per specimen 
provided no significant variation of area is allowed. Expressing 
initial water absorption as a percentage of the weight of the specimen 
has nothing to recommend it. 

An extension of the specification tests to cover a method for 
determining the moisture content of moulding powders, could well 
be considered. It should be related to a procediu*e for conditioning 
powders to equilibrium with a standard low relative humidity before 
moulding. 
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A Simple Method of Testing Glue Lines in Tension 

By A. W. Rudkin, B.Sc.* 

Summary 

A method is described for testing glue lines in tension, using, with only 
sli^t modifications, the same apparatus as is used for testing glue lines 
in shear, wMch is standard equipment in all laboratories concerned with 
the testing of glued Joints. 

The test specimens are made up in the form of right-angled crosses 
in a press-box slightly modified from that normally used for making 
standard lap Joints for shear tests. The modified press-box can still be 
used for making standard shear strength test specimens. 

After reconditioning, the specimens are fitted into a specially designed 
shackle, which can be fitted into a standard testing machine of the type 
normally used for shear strength tests. When load is applied to the 
shackle in the usual manner, it is transmitted to the specimen in a direc- 
tion normal to the plane of the glue line, so that the tensile failing load can 
be read off in the same way as shear failing loads are ordinarily read. 

Results of tests by this method on a number of types of Joints were 
statistically compared with results of standard shear strength tests on 
Joints made with the same materials, and it was found that the results 
of the tests in tension were reproducible with at least as high a degree of 
accuracy as those of standard tests in shear. 


1. Introdaction 

It Is wdl known that practically aU types of glued joints are very 
mudi stronger in shear than in tension, and for this reason engineers, 
wdien designing structures embodying glued joints or laminated mem- 
bers, try to ensure that the glue line is not subjected to severe tensile 
stresses. Hence most adhesive specifications do not call for tests on 
the tensile strength of joints, and equipment for this purpose is only 
available in a few large laboratories. 

In the course of a project undertake by the Council's Division 
of Aeronautics (Dale, 1945), however, it was found desirable to use 
laminated members in situations where considerable tensile stresses 
perpendicular to the plane of the glue line could not be avoided, and 
hence, when the Divikon of Forests Products was asked to carry out 
tests to determine the most suitable adhesives for use in this project, 
it was necesseuy to devise means for comparing the tensile strength 
of joints made wiA tiie various adhesives proposed. No apparatus 
for this purpose was readily available, and some of the materials used 
in the exp^ment (Rudkin, 1946), viz. asbestos cement ^eet and 
“Masonite”, were not suitable for making the t}q>e'of joints used 
for toisUe stroigth tests at, for instance, the Canadian Forests 
Products Laboratory (Wakefield, 1943). 


2. Method 

The materials to be glued (mountain ash, asbestos cemoit sheet, 
and “ Masonite ") were cut into slips 6i in. by 1 in., the length being 
parallel to the grain in the case of the wood, hi one series of test's 
the slips were 3/16 indi thick; in another series, the mountain ash 


* An offlcer of the Division of Forests Products. 




528 


slips were i inch thick, and the other materials, which were supplied 
in sheets 3/16 inch thick, were glued on to sawn sheets of mountain 
a^ 3/16 in. thick, making up a total thickness of i inch, before cut- 
ting to the requisite size. 

The adhesive was applied to the gluing surfaces in the usual way 
and the slips were placed in the press-box as shown in Fig. 1a, and 
pressed in the usual m 2 umer. This produced a cross-shaped specimen 
as shown in Fig. 1b, with the glue-line area exactly 1 inch square. A 
press-box of the type normally used for making standard shear 
strength test specimens (Standards Association of Australia, 1941) 
is shown in Fig. 2 for comparison. Fig. 3 is another view of the 
press-box shown in Fig 1a, containing standard lap-joints for shear 
tests, demonstrating that the box can still be used in the normal way 
after being modified to take glue-line tensile strength test specimens. 



Fig. 1a. — Tensile streng^ test specimens undergoing pressure 
in adapted press-box. 


After reconditioning, the specimens were fitted into the shackle as 
shown in Fig. 4, and packed tightly with metal shims to minimize 
holding stress. The shackle was then fitted into the grips of the 
testing madiiae as shown in the figure, and the load was applied in 
the usual manner until the joint failed. Fig. 5 shows a standard lap 
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3. DiKSttfaw of RetnUi 

An estimate of how accurately results obtained by the n»OM)d 
described above correq>ond to the true tensile strength of the j<dnt 
could only be made by comparing them with the results obtained with 
similar materials by methods of proven reliability. This has un< 
f<ntunatdy not beoi possible. 



Fig. 3.— Shear strength test specimens undergoing pressure 
in press-box adapted for making tensile strength test 
specimens. 


Tension tests on the glue lines of phenol-fonhalddiyde bonded 
plywood carried out at the Canadian Forest Products Laboratories 
(Wakefield, 1943) usually gave results of the order of 500-800 lb. 
per sq. in. on yellow birch, 150-300 lb. per sq. in. on sitka spruce and 
300-750 lb. per sq. in. on western white pine; stroxgths of over 1,200 
lb. per sq. in. were recorded on individual specimens. In the tests by 
the method described in this paper, results on mountain ash 
(EiuxUyptua regnana) bonded to mountain ash with good quality 
wood-wfirking adhesives ranged from 138 to 265 lb. per sq. in., and in 
preliminary tests on coachwood (CeratopetaJum apetaium), radiata 
pine (Pinua radiata), rimu (Dacrydium cupresainum), and myrtie 
beech (Nothofagua cunninghamii), to check the practicability of the 
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method, results were usually of the order of 100 lb. per sq. lA. Per- 
centage adhering wood fibre was usually slightly hi^er than in the 
Canadian tests. These figures indicate that results by the new method 
may be lower than the true tensile strength of the joints. This may 
be due to failure to eliminate bending stress to the same extent as in 
the Canadian tests. 





Fig. 4.— Tensile strength test specimen fitted into 
sha^e in testing machine. 

Fortunatdy it is rarely necessary, either in specification testing 
of adhesives or in more fundamental work on adhesion, to determine 
the absolute shear or tensile strength of a joint. In specification test* 
ing, it is usually sufidcient to determine whether a given adhesive gives 
joints equal or superior to those given by adhesives found suitable 
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in service tests, and, in more fundamental studies, whether a given 
dlange in adhesive formulation or gluing conditions produces a reduc- 
tton or an increase in joint stroi^. For these purposes the main 
dcsMerata are: — 

(i) The results should be sufQdently accuratdy r^nodudble to 
enable the mean of a small number of tests (usually 
five in specification testing) to be accepted as a reason- 
ably accurate estimate of the mean value that would be 
obmined in an indefinltdy large number of tests. 

(il) The results of the test should be positlvdy correlated to 
a high degree with the true shear or tensile strength as 
the case may be. 

In making standard shear strength tests on plywood or on glued 
joints, fbr instance, it has to be remembered that there is no constant 
value S that can be defined as tiie shear strength of the glue Une in 
terms of breaking stress per unit area. The falling load, F, of the 
specimen depends not only on the adhesive, the adherends, the gluing 
conditions, and the area A, but also on the shape of A and the thick- 
ness, T, of the specimen (De Bruyne, 1944). Thus for a rectangular 
spedmen, the value of F is a Unear function of the width, W, 
of the specimen, but not of the length of overlap, L (length being 
defined as the dimension parallel to the direction of loading), dP/dL 
tending to very low positive values or to zero as L increases. For 
fairly thin specimens at least, F also increases with T; again dF/dT 
tends to very low positive values or to zero as T increases. For these 
reasons the “ shear strengths ” of different adhesives, &c., are arbi- 
trarily compared by determining the failing loads of lap joints with 
a specified overlap (usuaUy one inch square) and made from rect- 
angular sUps of a specified length and thickness. The dependence on 
length of overlap is due to stress concentrations at the ends of the 
joint owing to differences in ductility between the adhesive and the 
adherends (De Bruyne, 1944); the depoidence on thickness of the 
specimen is due mainly to the fact that bending stresses are not com- 
pletely eliminated in standard methods of testing. 

Hence a proposed method of determining tensile strength can be 
considered sufficiently accurate for most practical purposes if it can 
be shown that: — ‘ 

(i) Variation among specimens made with the same materials 

under the same conditions is no greater than that of 
standard shear strength test results on the same type 
of joint, thus meeting the criterion of reproducibiUty. 

(ii) Variation between groups of specimens made with different 

materials or under different conditions is large com- 
pared with variation within the groups, indicating that 
between-group variation is not random and is therefore 
correlated with differences between the strength 
characteristics of the various types of joints. 

Results of a series of tensUe strength tests are set out in Table 1, 
and resists of a series of shear strength tests on joints nude with 
similar materials are set out for comparison in Table 2. A statistical 
analysis was made of these to determine whether the method met the 
above criteria. 
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The statistical analysis diowed that, with spedmois I inch thick, 
the coefficients of variation of shear and tensile strength test results 
were approximately equaL The standard deviation was actually 
smaller in the case of the tensile than of the shear strength test results, 
l.e. the absolute variability of the former was less than that of the 
latter (slightly less than one half), even though the percentage varia- 
tion was slightly greater owing to the much smaller mean values 
obtained in the tensile tests. The difference in absolute variability 
was highly significant. 



Fio. 5.— Shear strength test specimen fitted Into testing 
machine. 
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With the q>edmeQ8 3/16 indi thldc, the coeffldent of variabUl^ 
of the tensile strength test results was appreciably greater than that 
ftt tile shear strength test results, the difference bei^ significant at tiie 
5 per cent, level, but even in this case the absolute variability of the 
tensile test results was rather less than i of that of the shear test' 


Kvy to TcMet 

The following abbreviations are used to describe gluing surfaces: — 
W = kUn>dried and reconditioned mountain ash. 

S = smooth face of asbestos cement sheet. 

R = screen (rough) face of asbestos cement sheet. 

M = screen face of “Masonite”. 

Tabus 1.— Tensile Faiuno Loads of Glohd Joints 


Adhesive 

Qlttlng 

Surfaces 

Thick- 
ness of 
SUps 

Knnibsr 

of 

Speel- 

mens 

TrasUe MUaf Loads 

ICin. 

Max. 

Mean 




in. 


lb. 

lb. 

lb. 

CSaaein cement 

W-W 

A 

6 

133 

265 

188-7 


pp 

»* 

1 

5 

135 

254 

227 0 

•> 


R~W 


3 

98 

110 

103*8 


$9 

♦« 

i 

4 

29 

103 

82*5 

» 

pp 

R-R 


3 

40 

56 

46*0 



»» 

i 

5 

124 

167 

141*8 

t> 

s» 

R-b 

A 

3 

18 

33 

27*8 

s» 



j 

5 

72 

106 

96*2 

»$ 

pp 

S~M 

A 

5 

43 

61 

52*6 


ft 

„ 

i 

5 

65 

118 

97*4 

tt 


Coachwuod 


5 

113 

162 

134*6 



Radiata pine — - 








Sample A. . . 

#» 

3 

94 

174 

145*0 


pp 

Sample B. . . 

pp 

6 

61 

69 

63*0 

t» 

pp 

Rimu 

pp 

6 

107 

123 

115*2 

ff 

pp 

Myrtle beech 

Pp 

6 

80 

106 

97*8 

Rubber cement A 

W-W 

I 

5 

48 

88 

72*2 

pp 

pp 

R-W 

ft 

6 

115 

144 

122*2 

f» 

pp 

R-R 

ft 

6 

78 

150 

118*2 

pp 


R-S 

ft 

6 

105 

160 

122*6 

ee 


S-M 

ft 

5 

58 

126 

93*0 

pp 

pp 


ft 

6 

54 

132 

99*2 

pp 

pp 

R-W* 

ft 

6 

115 

159 

185*6 

pp 

pp 

R-R* 

ff 

5 

109 

150 

124*2 

pp 

pp 

R-S* 

ff 

6 

90 

137 

109*6 

pp 

pp 

S-M* 

ff 

5 

38 

131 

91*0 

Rubber 

cement B. 

W-W 


7 

49 

83 

63*2 

pp 

pp 

pp • * 

1 

5 

55 

122 

81*4 

pp 


Rr-W 


6 

57 

78 

68*8 

pp 

ft 

pp ♦ • 


5 

92 

1 151 

1 126*8 

pp 


R-R 

X 

5 

47 

68 

58*8 

pp 

** 

pp • • 


5 

53 

135 

101*2 

pp 


R-8 

X 

4 

96 

131 

118*5 

pp 


f» • • 

X 

5 

97 

125 

107*6 

pp 

pp 

S-M 

X 

6 

67 

90 

81*8 

pp 


»» • • 

J 

5 

62 

96 

79*6 

Ida, phenolic redn 

W-W 

If 

5 

52 

101 

77*8 


pp 

R-W 

pp 

3 

54 

90 

67*8 

pp 

pp 

R-R 

pp 

6 

45 

67 

51*2 

pp 

pp 

R-S 

pp 

4 

18 

48 

28*8 

pp 


6-M 

pp 

6 

47 

83 

65*4 


* An extended sample of rubber cement A was used. 
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results, the high percentage variability of tiie former being due to 
their low mean. Tlie difference in absolute variability was again 
hifl^ significant. 


Table 2. — Shbab FAnjNo Loads of Gldbd Joints 


PttIMl 

Number* 

Adbeilve 

Qtaing 

Sutaoee 

Thick- 
ness of 
SUps 

Number 

of 

Sped- 

mene 

Shear Failing Loada 

Hin. 

Max. 

Mean 

. 




Hjjjl 


lb. 

lb. 

lb. 


Caaein cement 

W-W 

■H 


660 

932 

832 2 


ss 

tt • • 

»» 

■H 


880 

1,176 

1,074-75 


»s 

tt • * 

R-W 



180 

230 

210*0 

CIFW .. 

ss 

tt • • 

ts 

■M 


128 

225 

179-8 

C2FW .. 

»s 

tt • • 

ss 

■■ 


61 

204 

151-0 


St 

tt • • 

St 



301 

460 

389-6 


tt 

tt • • 

R-R 



120 

143 

132-2 

CIRR .. 

St 

tt 

tt 



73 

111 

93-3 

C2RR .. 

tt 

tt • • 

tt 



85 

133 

100-26 


St 

tt • • 

tt 

1 

5 

233 

306 

272-1 


tt 

tt 

R-S 

A 


105 

215 

168-9 

CIRS .. 

St 

tt • • 

tt 



45 

90 

69-0 

C3RS .. 

tt 

tt • • 

ft 



104 

145 

130-8 


tt 

tt • • 

tt 



206 

302 

268-6 


M 

tt • ♦ 

S-M 



90 

228 

166-0 

CIFM .. 

tt 

tt • » 

tt 



103 

130 

115-0 

C2FM .. 

tt 

tt • • 

tt 



104 

140 

126-8 


Rubber cement A. 

W-W 

1 

5 

116 

174 

136-8 


tt 

tt 

Rr-W 

— 

6 

142 

198 

180-2 


tt 

tt 

Rr-R 

WgM 

5 

165 

186 

175-4 


tt 

tt 

R-S 


5 

193 

228 

204-0 


tt 

tt 

S-M 


6 

166 

205 

188-2 


tt 

tt 

w-wt 

ts 

5 

102 

120 

112-0 


tt 

tt 

R-Wt 

ts 

5 

130 

200 

167-0 


tt 

tt 

R-Rt 

tt 

5 

172 

225 

200-4 


tt 

tt 

R-St 

tt 


207 

284 

239-6 


tt 

tt 

S-Mt 



207 

320 

279-8 


Rubber cement B. 

W-W 



124 

260 

192-75 

RIFW .. 

tt 

tt 

R-W 



62 

92 

77-8 

R2FW .. 

tt 

tt 

ft 


5 

64 

72 

68-2 


tt 


ts 

1 

5 

82 

210 

134-4 

RIRR .. 

tt 

tt 

R-R 

A 


117 

138 

131*6 

R2RR .. 

tt 

tt 

tt 

— 


84 

89 

86-5 


tt 

,, 

ts 



136 

172 

149-75 

RIRS .. 

tt 

tt 

R-S 



25 

76 

40-0 

R2RS .. 
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* Where no panel number Is given, the specimens were made up siagly 
and not cut from panels. 

tAn extended sample ot rubber cement A was used. 
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The analysis further showed that the results on the two thicknesses 
were consistent with each other, and, on analysing the combined re- 
sults of the tests on both thicknesses, it was found (a) that there was 
no significant difference between the coefiicients of variation, and (b) 
that the absolute variability of the tensile strength test results was 
lower than that of the shear strength test results, the difference being 
highly significant. The relevant statistical data are summarized in 
Tables 3 and 4. 


Table 3. — ^Variances of Tensile and Shear Test Results' 


Type of Test 

IhicknesB of Slipe 

1 in 

i, in 

Combined 

Tensile (lb.) 

579 (79) 

443 (34) 

538 (113) 

Shear (lb.) . . ^ 

2328 (78) 

2917 (37) 

2518 (115) 

i (Pitman's test) 

6-67** 

6-48** 

908** 


Figures in brackets denote number of degrees of freedom. 
** Significant at the 1 per cent, level 


Table 4. — Coefficients of Varution and Standard Errors of 
Tensile and Shear Test Results 


Tjrpe of 

Thickness of Slips 

1 in 

h in 

Combined 

Tensile (lb.) 

21 63 t 1«0 

27-67 4: 3-17 

22-86 i: 1-43 

Sbear (lb.) 

19 45 -t 1-43 

19-13 i 2-04 

19-34 ± 1-17 

Difference . . 

] 

218 ± 2-16 

8-64 ± 3-77* 

3-74 ± 1-86 


Weighted mean of coefficients of variation = 20-76 ± 0-91. 
• Significant at the 5 per cent, level 


The over-all conclusion was that the coefficients of variation of the 
two types of test (shear and tensile) are approximately equal, the 
higher apparent coefficient of the tensile strei^ith tests on specimens 
3/16 inch thick being a chance result; whilst tte absolute variability 
of the tensile strength test is considerably less than that of the shear 
strength test. For most practical purposes the absolute variability is 
more important them the coefficient of variation, most tests of signifi- 
cance being based on absolute and not on percentage deviations from 
the mean. Hence the proposed test meets the criterion of reproduci- 
bili^. 

The analysis showed also that with the thicker specimens the 
effects of adhesives and of gluing surfaces, and the interaction between 
these variables, were highly significant for both tensile and shear 
tests, and there was a highly significant variation of both tensile and 
shear strength with differences in treatment. (No attempt was made 
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to separate the effect of gluing surfaces and of adhesives with the 3/16 
inch specimens.) This means it is highly improbable that variations 
among the results of tests on the different types of joint were due to 
chance factors, and it is therefore reasonable to assume that they were 
correlated with the factors being tested, i.e. with the idiear strength 
of the joints in Table 1 and with the tensile strength in Table 2. 


4. Conclusion 

It may therefore be concluded that the method of testing the 
tensile strength of glued joints described herein is sufficiently accurate 
and reproducible for most purposes, i.e., it is probably at least as 
accurate and reproducible as accepted standard tests on the shear 
strength of glued joints. 
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Tlie Variation ofMaximum Crushing Strength, Maximum 
Tensile Strength, and Modulus of Elasticity of Hoop 
Pine (Araucaria cunninghamii Ait.) Plywood with 
Moisture Content 


By R. S. T. Kin^oiu B£.* 


Summary 

Hoop pine plywood in 1/8, 3/16, and 1/4 inch thicknesses, bonded with 
phenol^formaldehyde, urea-formaldehyde, and casein glues, in each case has 
been tested in compression and tension parallel, perpendicular, and at 45** to 
the grain of the outer veneers. The elastic modulus has also been deter- 
mined from the tensile tests. 

The tests were carried out at nominal moisture contents of 8, 12, 16, 
and 20 per cent, and regression factors determined so that moisture cor- 
rections could be made to the corresponding strength figures for this species 
where necessary. 

On account of the inconvenience of application of such factors, and since 
an additive correction would not be satisfactory in all cases, tables are 
included giving the strengths at each integral percentage of moisture con- 
tent over the range of the observations. These are expressed as a percentage 
of the corresponding value at 12 per cent, moisture content. 


I. Intrododioo 

The medianlcal properties of wood are influenced by its moisture 
content, and the law of variation for some static properties at normal 
temperatures is knovm to be well represented, for moisture contents 
below the intersection point, (2, 14) by an exponoitlal relationship (7). 
For impact properties, the relationship is of a rather different nature 
and appears generally to follow a somewhat U>shaped curve, often 
having a pronounced minimum somewhere about 12 to 16 per cent 
moisture content (4) although occasionally the curve rises or falls 
monotonlcally with increasing moisture content. In the case of tests 
on solid timber, a considerable variation of moisture content is found 
to occur from specimoi to specimen, even after conditioning at constant 
temperature and the appropriate relative humidity. It is therefore 
considered necessary to determine suitable moisture correction flgures 
lor species imder test and to correct the results of individual tests to a 
standard moisture content. 

Hitherto, no correction for moisture content has been made to ply* 
wood test results, since it was generaUy understood from results of 
tests overseas that the correction was negligible. This belief is reflected 
in &e Australian standard specifications for aircreUH; pljrwood (8, 9), 
which specify strength values without reference to moisture content 
except in the “ moisture content " paragraph which states that it shall 
be between 7 and 14 per cent. It has beoi felt necessary, however, to 
diedc thl^ assumption and, should the variation be of such a magnitude 
as to rendv correction necessary, to provide correction flgures for 
plywood. • 


* Offlcer-ln-CIiarge, Timber Physics Section, Division of Forest Proditcts. 
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It was decided that the species to be tested initially ior this 
purpose should be hoop pine. If the corrections should prove of 
considerable magnitude it might then be necessary to test other 
species. On the other hand, it is possible that the corrections for 
solid timber could be applied directly. In this case it is desirable that 
this conclusion should be checked for one or two additional q)ecie8. 

2 . Setedion of Maferial 

Twenty logs of hoop pine (Araucaria cunninghamU Alt.) were 
selected from ten trees cut in a number of localities in the Bi^bane. 
Mary, and Gladstone River valleys, the Wide Bay district south of 
Maryborough, and the Port Clinton district north of Rockhampton. 
Veneer was peeled from each log in three thicknesses namely l/2^hi., 
l/16>in., 1/12-in. The 1/24-ln. veneer was peeled at 4-5 in. from flie 
centre of the log, the 1/16-in. at 5-6 in. from the centre, and the 1/12-in. 
veneer at 6-7 in. from the centre, hi this way the effect of distance 
from pith on the strength properties was minimized, because pith 
eccentricity was small in all cases. This was considered satisfactory 
since, in tests on solid hoop pine as an aircraft timber, no sigitificant 
regression on distance from pith had been found for compressive 
strength parallel to the grain or for modulus of elasticity, although a 
regression, significant at the 5 per cent. levd of probability, had been 
foimd to be present for maximum tensile strength (3). It is unified 
that small differences in distance from pith would have much effect 
in a softwood and it was impossible to cut the various thicknesses at 
random distances from the pith in various logs because these wa« 
being used for other investigations as well as the one described here. 
In the selection of this material, any veneer containing compressfam 
wood, compression failures, knots, or other defects likely to affect the 
strength, was rejected. 

The veneer, when dried, was glued into three-ply sheets 19i in. 
square made with each of the following glues: (a) a casein glue, (b) 
a urea-formalddiyde glue, and (c) a phenol-formaldehyde film glue. 
In each sheet of plywood, the three veneers were closely matched. A 
total of 360 sheets was prepared: that is, 18 sheets from each log 
comprising two for each glue in each thickness. 

Two sets of specimens were cut from eadi sheet, specimois 
parallel, at 45°, and perpendicular to the grain of the face veneer, 
being included. It was decided to test at four nominal moisture 
contents, namely 8, 12, 16, emd 20 per cent. These values are based 
on the equilibrium moisture content of spruce (Ptcea aitchansia (Bon.) 
Carr.) slivers placed in the room whUst at a moisture content lower 
than that in equilibrium with the room, so that they would adsmrb 
moisture. The fow specimens available for each glue thickness and 
direction of grain in. each log wer4 allotted to the four moisture con- 
tents on the assumption that the two sheets made with the same gUie 
and thickness of veneer from material from the same log were identicad. 
Hie veneer in these had been carefully matched and the reason that 
they were not glued into one instead of two sheets was limitation of 
press capacity. However, the allocation of moisture contents between 
sheets was continually dianged, in order to obviate any possibility of a 
systematic difference arising. 
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i. hMsbut CosditkHiiiig Tieitaieiit 

Hie test material was conditioned in humidity controlled rooms 
having a temperature in all cases of between 20^ and 40^C. in 
order to avoid damage to the plywood. With the material for test 
at 8 per cent, moisture content, it was found necessary to use a tem- 
perature of 37^C. in order to r^uce the relative humidity sufficiently, 
with the equipment available. For the remaining material the 
conditioning temperature was in the vicinity of 30°C. The con- 
ditions in these rooms were adjusted with the aid of thin slips of 
sitka spruce which were placed in the room at moisture contents of 
about 3 per cent, below the desired value. The humidity of the room 
was then gradually increased until the spruce slips reached the desired 
moisture content. These were then weighed every day to check the 
conditions and new ones, also reduced to about 3 per cent, below 
the desired moisture content, were occasionally introduced for check 
purposes. The slips varied by about ±0*25 per cent, moisture 
content. The value was often constant to less than + 0*1 per cent, 
for some days and then a fluctuation of db 0*1 or ±: 0*2 per cent, 
would occur. The variation between the values for two successive 
days was rarely more than this although occasional larger changes 
occurred, necessitating an adjustment of the room setting. When 
sudden fluctuations in moisture content occurred, new spruce slips 
were introduced as a check, in case those already there were in error 
due to hysteresis in the relative humidity-moisture content relation- 
ship. The apparent moisture content of the specimens when 
equilibrium had been reached was not, of course, the same as that 
of the spruce. This was particularly noticeable in the case of plywood 
glued with synthetic resin glues where the moisture content determined 
by oven-(hying was some 2 to 3 per cent, below that of the spruce, the 
reason for which was probably loss in hygroscopicity due to the 
exposure of the plywood to elevated temperature during pressing. 

4. Method of Test 

All tests were carried out in a temperature range of 21°C. ±: 1°, 
the specimens being given time to reach this temperature before 
testing, since KoUman (5) and Sulzberger (10) have shown that 
considerable changes occur in the strength properties of wood and 
plywood due to changes of temperature. 

Tension and compression tests were carried out, measurements of 
the elastic modulus being made only in the case of the tensile tests. 
The tests were carried out parallel, perpendicular, and at 45® to the 
grain of the outer veneers. 

The tensile tests were carried out on specimens 12 inches long by 
2 inches wide with a parallel portion 2i inches long and 1 inch 
wide at the centre, and parallel portions of full width 2 inches long at 
the ends, the connecting radius being about 12 inches. The 
deformations were determined by means of a Gerrard extensometer 
measuring over a 2-in. gauge length, and load deformation curves 
were plotted^ 1!he testing procedure was generally in accordance 
with thfe Auetralian Standard Speciflcations (8). 

The compression tests were carried out on packs of specimens 3f 
indies long by 1 inch wide. The packs were made up into thicknesses 
of as near to an inch as possible in the case of 3/16 in. and i in. 
plywood but this was not possible with the i inch pl3nvood as the sheets 
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were not of sufficient size to cut sixteen pieces in each direction and 
the pack was only half an inch thick in this case. These packs were 
held in a special end-damping apparatus developed by Thomas (12)« 
A number of types had been tried but this one was found to be 
the most satisfactory. The same rate of loading was adopted as in 
the tensile tests. 

5. Results of Tests 

The results which have been obtained by dividing the maximum 
load by the total cross section of the specimen have been averaged 
and the averages plotted in Figs. 1 to 9. Figs. 1 to 3 show the results 
for modulus of elasticity as measured in the tensile tests, Figs. 4 to 6 
for maximum tensile strength, and Figs. 7 to 9 for maximum crushhig 
strength. Curves have been fitted by the method of least squares to 
the points shown, the significance of the regressions being indicated 
in Table 1 where the actual regression factors are given. The regres- 
sion lines have been fitted using a logarithmic transformation as the 
data vary somewhat exponentially with moisture content. The use 
of transformations has been discussed in a report by Williams (13). 
The regression factors are the factors by which the strength at a given 
initial moisture content must be multiplied for each 1 per cent, 
decrease in moisture content to determine the strength at the decreased 
moisture content. For m per cent, decrease in moisture content it is 
therefore necessary to multiply by the mth power of the regression 
factor. That is, if r is the regression factor and S* the strength or 
elastic modulus at a moisture content n, then the value S(«i+ni) at a 
moisture content (n + w) is given by 

■^n =S(n+m)r- 

This is seen to be of the same form as Wilson’s exponential formula 
(14) since on expressing the above formula in the exponential form it 
becomes " 

which is identical with Wilson’s formula when log 1/r is replaced by K. 
In the case of an increase in moisture content the strength value is 
divided instead of multiplied by the repression factor. 

Since additive corrections cannot be made. Tables 2 to 4 have been 
computed giving the strength and elastic modulus at each integral per- 
centage throughout the range of moisture content values covered by 
the experiment. In both figures and tables the direction of grain refers 
to that of the outer veneers relative to the loading axis of the 
specimen. 


6. Discussion of Results 

In some cases the results do not differ significMtly from a linear 
relationship and an additive correction could be used. This can be 
seen from the fitted curves in Figs. 1 to 9. Such corrections have, 
however, not been given. Generally, the maximum crushing strength 
shows little difference in regression factors for different thicknesses or 
glues but the linear regressions on moisture content are always 
significant. Often the regression deviates significantly from the 
linear, especially for specimens cut at 45® to the direction of the grain. 
The moisture corrections themselves also vary considerably, for 
different grain directions, and somewhat for glues and occasionally 
thicknesses. 
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In the case of maximum tensile stmigth, the regression was not 
significant in eight of the ^27 tests, whilst in two others the slgnfieance 
was only at the 5 per cent, level of probability. Seven of the fifteen 
highly significant regressions also deviate significantly from linearity 
whilst two have no significant linear trend but have a quadratic term 
which is significant. In specimens tested paralld to the grahi, the 
trmds vary, the corrections being greatest for phenol-formald^yde 
glue and least tor casein. For specimens tested perpendicular to the 
grain, the regression is significant for all thicknesses with urea- 
formaldehyde glue, and these are the only ones for which the property 
increases with increasing moisture content. In no case is it significant 
for casein glue and only with i-in. plywood for phenol-form^dehyde 
glue. For specimens tested at 45° to the grain, the corrections are 
rather variable and, in six ceuses, the regressions are curvilinear, the 
linear regression being non-significant for two of the cases where 
the quadratic term is significant. 

All but one of the corrections for modulus of elasticity in tension 
paralM to the grain of the outer veneers, are significant, the regres- 
sions being linear. The corrections here do not differ significantly 
between types of glue or thicknesses although they do between direc- 
tions of grain. For tension perpendicular to the grain of the outer 
veneers, the corrections do not differ significantly amongst themselves 
and so may be averaged, whilst those for tests at 45° differ significantly 
for different types of glue. 

Where the corrections do not differ significantly between glues, 
thidmesses or direction of grain, average corrections could have been 
given. Strength figures, expressed as a percentage of the strength at 
12 per cent moisture content, have instead been tabulated for each 
integral percentage of moisture content throughout the range of the 
observations, for each glue, thickness and direction of grain. 

In a recent impublished report by Sulzberger (11), comp^u:able 
values are to be found, although these apply only to one thickness of 
plywood, namely 3/16-In. three-ply, and to only one glue, namely urea- 
formaldehyde. For tensile strength, his results are a few per cent, 
higher parallel and perpendicular to the grain, but do not differ appre- 
ciably from the present ones at 45° to the grain. For modulus oi 
elasticity, the same is true, except that at 45° to the grain a slight 
difference is apparent. The agreement is considerably closer for 
compressive strength parallel to the grain, although here again the 
results for tests at 45° to the grain differ slightly. This is illustrated 
in Fig. 10 for compressive strength. 

7. CoaqMU’ison with Solid Timber 

No completely satisfactory comparison is possible between the 
variation of the strength of plywood and of solid timber with moisture 
content, as the values for the former vary so greatly amongst them- 
selves. Exprrased as regression factors, the moisture corrections for 
solid hoop pine are as follows (6) : — 

1-012 fair tension parallel to the grain; 

*1-047 IM compression parallel to the grain; 

1-025 tnd 1-027 for compression perpendicular to the grain for 
the load applied to the tangential and radial faces res- 
pectively; and 

1-019 for modulus of elasticity (tensile test). 



Tablb L — ^Rbobsssion Factobs of Strength Propertieb and Elastic IIodclus of Hoop Pinb Pltwoot on M 

Content 
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The above re^ssion factors for solid timber were determined by 
expressing the additive moisture corrections as a fraction of the mean 
in each case and adding the results to imity, in agreement with the 
convention adopted here, since these regression coefficients for solid 
timber are all negative. 

The corrections for plywood are of the same order of magnitude 
as those for solid timber where rough comparisons can be made, 
except for maximum crushing strength, parallel and perpendicular 
to the grain. Here the regression factors are in general somewhat 
higher than those for solid timber either parallel or perpendicular to 
the grain. However, in view of the fact that there is no great 
difference between the regression coefficients for plywood and solid 
timber, values predicted from corrections for solid timber could be 
used for plywood of other species until actual corrections for plywood 
of those species are available. This general agreement has also 
been observed for Douglas fir and Sitka spruce (1). 
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Hie Extraction of Lignin from Eucalyptus regnans 
F.v.M. by Means of Methanol 

By D, E, Bland, M,Sc.* E. A. Hanson. Dr.Phd.,t C. M. Stewart, BSc.,t 
andAJ. IVatson, AM.T.C.* 

Nummary 

A survey of possible methods of extracting native lignin from immature 
FitcalyptiM regnans F.v.M. led to the conclusion that one of the most promis- 
ing solvents was methanol. Treatment with this solvent for 24 hours at 
150*C removed a little more than one quarter of the lignin, estimated as 
Klason lignin, present in a specimen of E. regnans sapwood sawdust. Treat- 
ment for 148 hours, using fresh methanol every sixteen hours, removed about 
70 per cent, of the original lignin estimated as Klason lignin, i^idence was 
obtained to show that the methanol extraction of wood is essentially a mild 
acid hydrolysis accompanied by the solvent action of methanol. During 
the process some of the extracted lignin was degraded to materials soluble 
in water and ether. The remainder could be precipitated as a buff powder 
which gave the colour reactions of native lignin and which was soluble in 
bisulphite solutions. 


I. Introduction 

Ldgnin has not been obtained as a pure substance and has therefore 
not been characterized by definite physical constants and chemical 
properties, nor is there any concise definition of lignin. It is known, 
however, to be a biological material readily denatured by extraction 
processes. When obtained as a by-product from the wood pulp 
industry it is extensively degraded and differs widely in its properties 
from the lignin as it occurs in t^ood. Methods of isolation involving 
the destruction of the cellulose by concentrated acids give lignins which 
are highly polymerized and non-reactive. Klason lignin, isolated from 
wood or pulp by means of 72 per cent, sulphuric acid, is widely 
recognized provisionally as a measure of the lignin content. 

Aronovsky and Gortner (1936) pulped aspen wood with aqueous 
alcohols and found that butanol was the most effective, reducing the 
lignin content of the pulp to 3 per cent. It was suggested that the 
ligneous material so obtained was less denatured than lignins obtained 
by inorganic reagents. Bailey (1940) found that the lignin was 
almost completely removed from aspen wood by cooking with butanol 
and water. The removal was greatly accelerated by the presence of 2 
per cent, sodium hydroxide, which he considered to act as a catalyst. 
He noticed that, with neutral butanol cooks, the cooking liquor became 
acid. 

Charbonnier (1942) found that neutral butanol and water extracted 
only a small part of the lignin from aspen wood. He was thus unable 
to confirm the observations of Bailey on the pulping qualities of 
butanol. He found it necessary to add sodium hydroxide, as Bailey 
had in most of his experiments, and considered that the lignin thus 
obtained was not a native lignin but a typical alkali lignin, 

• An of&cer of the Division of Forest Products. 

tFormerly an officer of the Division of Forest Products, now on the staff of 
the Melbourne Metropolitan Gas. Co. 

tFormerly an officer of Associated Pulp and Paper Ltd., now on the 
staff of Uie Division of Forest Products. 
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Hewson» McCarthy, and Hibbert (1941) were able to remove some- 
what less than half of the lignin from maple wood by extraction 
with ethanol for four hours at 200°C. This produced, besides ethanol 
lignin, ** lignin tar ” and some distillable oils. They considered that 
the drastic conditions necessary indicated that the lignin units were in 
combination in the wood as ethanol-insoluble aggregates. 

Overbeck and Muller (1942) cooked various woods with water at 
temperatures ranging from 130® to 165®C. They found that some of 
the wood substance was dissolved and that part of the lignin became 
soluble in alcohol. They also noticed that the cooking liquor became 
acid and concluded that the process was essentially an acid hydrolysis. 
The residual lignin in the wood was somewhat more resistant to sul- 
phite cooking than the original lignin. 

Katzen, Sawyer, and Othmer (1945) showed that lignin solubility 
decreased with increase in the number of carbon atoms in monohydric 
alcohols. 

Brauns (1939) extracted spruce wood with water and ether and 
then with alcohol at room temperature. On concentrating the alcoholic 
solution and pouring into distilled water, a creamy precipitate was 
obtained which gave all the reactions of native lignin. It constituted, 
however, only a small part of the total lignin in the wood. 

No work has yet been reported on the native lignin of eucalypts. 


2. Outline of Experimental Procedure 

(i) Preparation of the Wood Sample 

Immature trees of Eucalyptus regnans F.v.M. ranging in age from 
SIX to ten years and free from truewood, were selected. Truewood 
was avoided because it was considered that the more severe extraction 
conditions necessary for the removal of the extraneous materials might 
remove some lignin. The logs were cut into short lengths, the bark 
removed, gum veins, pockets, and knots sawn out, and the remaining 
clear wood reduced to sawdust. In the first experiments, the sawdust 
was washed with water and then dried by repeated washing at room 
temperature with dry methanol. Later, it was found that the 
extraction of the lignin ^was not appreciably affected by oven-drying 
the sawdust. For most of the experiments, therefore, the wood was 
washed three times with cold water, three times with hot water, air- 
dried and then oven-dried. Alcohol treatment was not given as it 
was considered that it might remove some of the native lignin described 
by Brauns. Later experiments showed that the amount of lignin thus 
removed was negligible. 

(ii) Preliminary Extraction Experiments 

Some pilot experiments with lower monohydric alcohols showed 
that methanol was the most effective lignin extractant. As the intro- 
duction of alkoxyl groups other than methoxyl would complicate the 
methoxyl determination, woA since methanol could very much more 
easily be evaporated from the ^od than coidd a higher alcohol, it was 
decided to investigate thorCM^jh^ the action of meftanol. The drying 
of methanol-wet wood was iiooordingly investigated. Following this, 
extractions were carried oilt at temperatures ranging from 60® to 
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160°C. with the following solvents: (i) methanol, (ii) methanol plus 
0*4 per cent, water, (iii) methanol plus 2*0 per cent, dry hydrogen 
chloride, (iv) methanol plus 0-4 per cent, water plus 2*0 per cent, dry 
hydrogen cldoride. Under the same conditions, increai^g amounts 
of lignin were removed by the solvents in the order enumerated. The 
time factor was also important, more lignin being extracted with longer 
periods of time up to 160 hours. Methanol at 160®C. caused the 
residual wood to have a slightly charred appearance, whereas methanol 
containing 0>4 per cent, water and methanol containing 2*0 per cent, 
hydrogen chloride produced wood residues with colours close to that 
of the original sawdust. The methanol-hydrogen chloride, besides 
removing more lignin than did dry methanol, also dissolved a con- 
siderable amount of the carbohydrate material. The solvents con- 
taining water produced a dark red lignin, whereas that obtained with 
dry solvent was buff coloured. Since methanol appeared to dissolve 
the lignin more specifically than did the other solvents, its action was 
further investigated. 

(iii) Methanol Extractions 

Extractions of oven-dry wood with methanol at 150®C were carried 
cut for various times. Mild steel bombs containing 150 ml. of 
methanol, 6-0 g. of dry sawdust, and with about 20 ml. of air space, 
were tumbled in a thermostatically controlled oil bath for the required 
time. Later, extractions of 1 kg. of sawdust with 12 1. of methanol 
were carried out in a mechanically-stirred, stainless steel autoclave. 
Each charge was subjected to one 4-hour and then nine 16-hour 
extractions, with fresh methanol used for each extraction. The 
amounts of Klason lignin and ester in the methanol were estimated for 
each extraction. 

The total material removed was estimated from the loss of weight 
of the wood sample after extraction, drying and weighing. The total 
weight of extract was determined by evaporating an aliquot portion 
of the methanol solution to dryness on the water bath. In later 
experiments the extract was analysed for precipitated lignin, Klason 
lignin and esters. The wood residues were analysed for holocellulose, 
Cross and Bevan cellulose, pentosans, Klason lignin, and methoxyl. 
The methanol solutions were concentrated and methods of precipitating 
the lignin were investigated. The existence of water-soluble materials 
giving lignin reactions was demonstrated. The precipitated lignins 
and Klason lignins from the residual woods were analysed for methoxyl 
and the methoxyl not in Klason lignin was calculated for the original 
wood and for the methanol extracted woods. 

(iv) Methanol-HCl Extractions 

After the methanol extraction, the residual wood was treated for 
different periods with boiling methanol containing 2-0 per cent, dry 
liydrogen chloride. The residues were analysed as before. 

(v) Investigation of the Action of Methanol 

The action of methanol on acetic acid and on certain sugars in the 
presence of acetic acid was investigated. Methanol recovered from 
the large scale extractions was examined for the presence of acids and 
esXen. 
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3. RmqHs and DhcmioiK 

The drying of alcohol-wet wood powders proved to be difficult* 
This was to be expected after the observation of Cohen (1936) that 
wood powders retain a certain amount of ethanoL A one gram 
water-wet sample of E. regnans wood meal took about IJ hours to dry 
at lOO^C. A methanol-wet sample of the same size took about three 
times as long at the same temperature, notwithstanding the higher 
volatility of the methanol. This difficulty was more marked with 
ethanol and very much more with butanol. During the drying of saw- 
dust wet with methanol a distinct odour of formaldehyde was noted. 
Exhaustive washing of oven-dried methanol-extracted wood samples 
with ether did not appreciably reduce the methoxyl content; it appears 
from this that the methanol may not have been retained as such. 

The amounts of material removed by methanol extraction under 
different conditions are shown in Tables 1, 2, and 3. It appears from 
the results in Table 1 that the total material removed was greater than 


Table 1. — ^Results op Extraction op 60-80 Mesh E. regnans with 
Dry Methanol por 24 Hours at Dipperent Temperatures 


Temperature (Deg. C ) 

Total Material llemo\o<l* 

Klason Lignin Removed* 

60 

0*9 

2-6 

110 

3-6 

3-2 

160 

21 0 

15-6 


*A11 results expressed as percentages of the original wood. Original 
wood 21*9 per cent. Klason lignin. 


the total amount of lignin removed, and from Table 2 that the total 
amount of material removed from the wood was greater than the total 
weight of extract obtained on evaporation of the methanol. This was 
in turn greater than the total Klason lignin extracted, which again was 
greater than the amount pf lignin recovered by precipitation. The 
excess total material removed over the weight of extract became pro- 
gressively greater with time and may have been due to loss of 
volatile materials during evaporation. The result at 60°C, given in 
Table 1, is apparently inconsistent in that the total extractives wbre 
less than the amount of Klason lignin lost. This is probably due, 
however, to the very small amoimt of material extracted and therefore 
the large influence of the error of drying methanol-wet wood. 

In the fli:st experiments, precipitation of the lignin was carried 
out by pouring the concentrated methanol solution into distilled water; 
this caused some of the lignin to go into colloidal solution, only a 
variable and indefinite fraction being precipitated. An electrophoresis 
experiment showed that the lignin was present as a negatively-charged 
colloid. 4 It was found that the water-insoluble lignin could be pre- 
ipipitated by making the solution alkaline with sodium hydroxide and 
dien adding hydrochloric acid until the solution was decinormal In acid. 
This procedure brought down the lignin as a buff-coloured precipitate. 
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It could also be precipitated by the addition of salts. The iBltrate from 
the precipitation of the lignin reduced Fehling's solution only very 
feebly, even after boiling with hydrochloric acid, and it was also 
negative to Molisch’s reagent. Lignin reactions, however, both with 
chlorine and sodium sulphite and with phloroglucinol, were strongly 
positive. Repeated extraction of this filtrate with benzene or ether 
finally made the aqueous layer negative to the phloroglucinol test and 
only feebly positive to the chlorine and sodium sulphite test. On 
evaporation of the combined benzene or ether extracts, a sticky 
resinous material giving strong lignin reactions was obtained. 

It can be seen from Table 2 that the rate of removal of lignin 
estimated as Klason lignin decreased rapidly with time. After treat- 
ment for four days the water-solubility of the wood meal had increased 
from 1-0 to 7*2 per cent., and the alkali-solubility had increased from 
9*7 to 17 ‘3 per cent, of the weight of the original wood. 


Table 2. — Results of Extraction op Oven-dry E. regnans Sawt)UST 
WITH Dry Methanol at 150‘^C. for Various Times 


Duration of 
Extraction 

* Total 1 

>laterial 
Reino\ ed 1 

Weight ot 
Extract 

Weight of 

1 I*rerlpitated 

1 Lignin 

Klason 

Lignin 

Extracted 

4 hourh 

1 

1 1 

5-4 1 

.> 3 

1 40 

2-8 

1 day 

141 

131 

8*3 

9-3 

2 dayn 

19-4 

17*7 

11-2 

11*5 

4 days 

. 1 24-5 

22-4 

1 9-0 

140 

6 daya 

• 1 i 

20-9 

10-2 

140 

i 


All results expressed as percentages of the original wood. Original wood 
22-6 per cent. Klason lignin. 


The results of the extraction of 1 kg. of sawdust are shown in 
Table 3. The yield of Klason lignin from the extract was determined 
by treating the total solids, obtained on evaporation of the methanol, 
according to the Division of Forest Products standard method for 
lignin determination. It can be seen that the ratio of Klason lignin 
to methyl acetate, excluding the ratio for the preliminary four-hour 
extraction, increased from four to thirteen between the first and ninth 
sixteen-hour extractions. 

The methoxyl contents of precipitated methanol lignins, of Klason 
Jignin and of the residual wood are shown in Table 4. The methoxyl 
content of the methanol lignin (column 2) recovered from extractions 
lasting longer than four hours was practically constant at a value 
considerably higher than that for the Klason lignin either from the 
original wood or from any of the residual woods. The methoxyl in 
Klason lignin was calculated as a percentage of the original wood thus; 
after one day the Klason lignin content of the residual wood was 13-3 
per cent, of the original wood. Hence (22*6 — 13-3) = 9*3 per cent, 
of Klason lignin had been extracted. The residual Klason lignin con- 
tained 22 -8 per cent, methoxyl and therefore the methoxyl in lignin 
as a percentage of the wood was 22*8 per cent, of 13*3 3*03 per 

cent., whereas the total methoxyl content of the wood was 5*62 per 
cent., and therefore methoxyl not in Klason lignin constituted 2*59 
per cent, of the wood. 
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The analyses of the original wood and of the wood after methanol 
extraction for different periods of time are shown in Table 5. Whereas, 
in the original wood, the sum of the percentages of lignin and holo- 
cellulose was close to 100, this was not so for the extracted woods. 


Tabls 3. — ^Lignin and Kstbrs Producbd bt Successive Methanol 
Extractions of E. regnans Sawdust 


Extraction Time 

Total 

SoUdB 

in 

Extract 

(«) 

Kiaaon 

Ll^ln 

Extract 

(b) 

Ratio 

afb 

Pre- 

cipitable 
Li^n in 
Extract 
(c) 

Esters 

as 

Methyl 

Acetate 

w 

Ratio 

b/d 

BCethoxyl 
Content 
of Pre- 
cipitated 

4 hr. 

2-96 

2-32 

1-27 

1-16 

0-26 

9-3 

18-7 

Ist 16 hr. 

4-42 

319 

1-38 

1-42 

0-74 

4-3 

24-1 

2iid 16 hr. 

3*67 

2-77 

1-32 

1-31 

0-66 

4-2 

26-0 

3id 16 hr. 

2*93 

2-21 

1*33 

1*13 

0-41 

6-4 

26-0 

4th 16 hr. 

2-28 

1*70 

1-34 

0-94 

0-26 

6-8 

26-6 

6th 16 hr. 

1*68 

1-26 

1*34 

0-73 

0-14 

8-9 

26-7 

6th 16 hr. 

1‘33 

0-94 

1-41 

0-66 

0-10 

9-4 

26-3 

7th 16 hr. 

1-10 

0*74 

1-49 

0-42 

0-08 

9-3 

26-4 

8th 16 hr. 

0-96 

0*58 

1-64 

0-36 

0-06 

9-7 

26-2 

9th 16 hr. 

0-85 

, .. 

0-53 

1-60 

0-30 

0-04 

13-2 

26-6 

Total 


16-23 


8-30 

2-73 




a, b, c, and d — percentage of original wood. 

the discrepancy becoming more marked after the longer period of 
treatment. This must be due to portion of the carbohydrate fraction 
becoming soluble in the reagents used. Only two to four chlorinations 
and subsequent ammoniacal alcohol treatments were required to 
delignify the methanol-extracted samples in the holocellulose deter- 
mination, whereas the original wood required eight. This, combined 
with the large increase in water-soluble material mentioned above, 
shows clearly that the carbohydrates of the wood were considerably 
modified by the methanol treatment. 


Table 4. — Methoxyl Contents of Isolated Lignins and 
Residual Woods 


Duration of 
Extraction 

r 

Precipitated 

Methanol 

Lignin 

(Percentage 

Lignin) 

Klason 

Percentage 

Lignin 

Percentage 

Original 

Wood 

j 

Total 
Methoxyl 
in Wood 
(Percentage) 

Methoxyl not 
in Klason 
Lignin 
(Percentage 
OriglnaT 
Wood) 

0 (Original wood) 


22-6 

6-11 

7-48 

2-37 

4 hours 

26-6 

23-6 

4-67 

6-97 

2-30 

1 day 

28-3 

22-8 

3-03 

6-62 

2-69 

2 days 

28-6 

21-9 

2-43 

4-66 

2-12 

4 days 

28-6 

21-7 

1-73 

3-64 

1-81 

6 days 

28-7 

22-0 

1-76 

3-64 

1-78 


Original wood 22*6 per cent. Klason lignin. 


The results of the methanol-HCl extractions of the methanol- 
extracted wood residues are diown in Table 6. It is apparent that a 
further considerable quantity of lignin was rapidly taken Into solution, 
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but that extension of the extraction time beyond four hours did not 
extract much more. In this case the ratio of the total amount of 
material extracted to the amount of recovered lignin (about 4:1) is 
greater than the corresponding ratio (about 2i : 1) for the methanol 
extraction. There remained in the wood a third fraction of the lignia 
which resisted even the methanol-HCl treatment. 


Table 5. — Analysis op Methanol Extracted E , regnam 
(Per cent, oven-dry sample weight.) 


Duntioa of Extraction 

Lignin 

Holoccllnlose 

Lignin ^ 
Holocellulose 

0 (Original wood) 

240 

7.5-4 

99‘4 

4 hours 

21*3 

73-8 

ftS-l 

4 hr. 4- hr. (1) .. 

4 hr. 4- 16 hr. -j methanol-HCl 

17-4 

70-3 

87-7 

extraction (2) 

9-2 

72-3 

81-5 


(1) After extraction for four hours again extracted for sixteen hours 
with fresh solvent. 

(2) Residue from (1) given methanol-HCl extraction for four hours. 


A wood sample and the residue from the same wood after 72 hours 
of methanol extraction were analysed and the results are given in 
Table 7, It can be seen that the holocellulose content of the residual 
wood was only 8 per cent, higher than the Cross and Sevan cellulose 
content, whereas in the original wood it was 22 per cent, higher. 
There was only a small loss of Cross and Bevan cellulose and more 
than half of this was accounted for by loss of xylan. Thus the true 
cellulose remained practically unaffected by the methanol extraction^ 
whereas the hemicelluloses were largely affected so as to render them 
soluble in the holocellulose reagents. These results constitute yet 
further indication that it is not possible to remove lignin from the 
wood without affecting the carbohydrate portion, chiefly the hemi- 
celluloses, and that rupture of the ligno-cellulose bond involves libera- 
tion of some of the hemicelluloses. 


Table 6.— Results of Methanol-Hydrochloric Acid Extraction 
OF Methanol-Extracted Wood 


! 

>f Extraction 

Amount 

Extracted 

! Weight of 

Precipitated Lignin 

Klawon 

Ligpin Oontent 
of Wood Beeldiie 

0 .... 



10-30 

S mins. 

4-7 

1-50 

^ 7-16 

4 hours 

16-1 

4-45 

4-81 

24 hours 

20-2 

[ 4-77 

4-10 


All results expressed as percentages of original wood 


The methanol recovered from successive sixteen-hour extractions 
of 1 kg. of wood was found to contain esters (estimated by saponifica- 
tion and calculated as methyl acetate) in amounts shown in Table 3. 
Total esters produced during nine successive sixteen-hour extractions 
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amounted to 2*73 per cent, of the weight of the original wood. The 
original wood contained 3*2 per cent, acetyl and the last residue 
1*3 per cent. 

Lignin is not extractable by cold methanol but, once the methanol 
lignin is obtained, it is freely soluble in cold methanol. This is a clear 
indication that this material is derived by the breakdown of some 
larger molecule such as a lignin carbohydrate compound. 

When 1 g. of acetic acid was heated in 150 ml. of methanol at 
150°C. for 16 hours, it was found to be almost completely esterifled. 
This does not exclude the possibility that acid conditions obtained 
throughout the extraction, because acidity could be maintained by 

slow liberation of acid from the wood. It can be seen 

from Table 3 that the ratio of Klason lignin extracted to 

total material extracted was roughly constant. From the 

ratio of Klason lignin in extract to methyl acetate formed, 
it appears that the formation of methyl acetate took place 
concurrently with the lignin removal, greater amounts of the ester 
being formed per unit amount of lignin as the extraction proceeded. 
This may be interpreted as showing that the methanol extraction is 
a mild acid hydrolysis. From the fact that the non-lignin extractives 
became larger in amount and reducing sugars were detectable in the 
liquor, it may be concluded that the further solution of lignin accom- 
plished by methanolysis was accompanied by the hydrolysis of carbo- 
hydrate material. It appears, therefore, that the weakly acid methanol 
extraction opens the ligno-cellulose bond and removes lignin more 
specifically than do acid extractions. 


Table 7. — ^Analysis of Original Wood and Wood after 72 Hours 
Methanol Extraction 


— 

1 

Ugnln 

I 

U(.k)- 

rollulose 

CroHB and 
Sevan 
Cellulose 

Xylan in 
Wood 

Xylan in 
Holo- 
cellulose 

Xylan In 
Cress and 
Sevan 
Cellulose 

Original wood 

22*8 

81-0 

59*1 

17-4 

16-8 

11*0 

Extracted wood 







(19*8 per cent, 
removed) . . 

10« 

03*0 

1 55*0 

1 

18*4 

11*7 

8*4 


All results expressed as percentages of original wood. 


4. Properties of Lignin Isolated by Methanol Extraction 
The isolated lignin was a buff-coloured powder which could be 
dissolved in methanol and re-precipitated by pouring into a large 
quantity of cold ether, when it came out as a flesh-coloured powder 
which rapidly darkened to brown in air. It was freely soluble in 
sodium hydroxide to give a brown solution, and it could be re- 
precipilated from this solution by acid. It was soluble in alcohol, 
chloroform, acetone, dioxan and hot cyclohexanol, but was very 
l^aringly soluble in cold cyclohexanol. It was insoluble in benzene. 
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ether and petroleum ether. Ultramicroscopic examinations of the 
methanol and sodium hydroxide solutions showed that they were 
true and not colloidal solutions. These solubility properties distinguish 
it sharply from acid lignins such as Klason lignin. 

The isolated lignin gave the typical pored-wood lignin colour re- 
actions, namely, cherry red when treated with chlorine water followed 
by sodium sulphite, and colours with phenols and aromatic amines. 
With phloroglucinol it was a typical deep purple and with aniline a 
rich yellow. It gave no colour with ferric chloride. 

By taking the temperature at which the lignin became sticky in 
the tube, fairly definite softening points could be obtained for the 
various samples of isolated lignin. Values varied between 110°C. 
and 132°C. 

After heating for sixteen hours at 120°C. in sodium bisulphite 
solution containing 5 per cent, total sulphur dioxide, or in sulphite 
cooking liquor containing 6*1 per cent, total and 1-1 per cent, com- 
bined sulphur dioxide, the isolated methanol lignin was completely 
dissolved. Under the same conditions Klason lignin from the same 
wood was insoluble. 

These properties of methanol lignin are therefore properties of 
the lignin in the wood which are not shared by acid lignins. 

Repeated heating of the water-insoluble lignin in methanol at 
150°C. resulted in its degradation to water-soluble materials. It 
appears therefore that the water-soluble material arose from break- 
down of lignin during the extraction and that a percolation method 
would yield a less degraded lignin. The methanol extraction appears 
to be relatively free from the polymerization actions observed by 
Hewson and Hibbert (1943) since no methanol-insoluble residue was 
produced, as there was during methanol-HCl treatments of methanol 
lignin. Nevertheless prolonged methanol extraction did not completely 
delignify the wood. On boiling an aqueous solution of the water-soluble 
lignin with 3 per cent, sulphuric acid, a reddish-brown precipitate 
resembling Klason lignin was produced. 

Methanol lignin, on treatment with dry hydrogen chloride in 
methanol, was changed to a black material soluble in sodium hydroxide 
but insoluble in the sodium bisulphite solution. Part of it was also 
precipitated as a black residue insoluble in methanol. Methylation 
with diazomethane gave a cream-coloured powder insoluble in sodium 
hydroxide. 

These results are qualitatively the same as those obtained by 
Brauns with his spruce native lignin. However, the methoxyl content 
of methanol lignin from E. regnans (25-28 per cent.) was much higher 
than that of Brauns’ native lignin (14*8 per cent.), and higher also 
than that of Klason lignin from E. regnans (22 per cent.). 

Brauns and Brown (1938) concluded that sulphite solubility was 
dependent upon an easily methylated hydroxyl group. Since the 
isolated lignin was soluble in bisulphite it may be concluded that this 
group remained unmethylated. 
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Mackney (1940) showed that the methoxyl in holocellulose plus 
methoxyl in Klason lignin did not account for the total methoxyl in 
the wood of E. regnana. Increasingly drastic alkaline treatments of the 
wood caused loss of methoxyl from the holocellulose, but the un- 
accounted methoxyl remained constant. It appears therefore that 
this unaccounted methoxyl was originally attached to the lignin but 
was removed during the Klason treatment. Hie methoxyl in holo- 
cellulose was 1*2 per cent, and the unaccounted methoxyl 1*1 per 
cent., a total of 2*3 per cent, methoxyl not in Klason lignin. This is' 
in agreement with the value of 2*37 per cent, methoxyl not in Klason 
lignin given in Table 4, and which is an entirely independent deter- 
mination. 

If it is assumed that all methoxyl not in holocellulose is associated 
with the native lignin, then we may calculate the expected methoxyl 
content of the native lignin of E. regnana from the data in Table 4 
and Mackney’s figure for the non-lignin methoxyl. The total 
methoxyl in the wood was 7*48 per cent, and therefore the 
methoxyl associated with the lignin was 6*28 per cent. Hie Klason 
lignin content of the wood was 22*6 per cent. Since methanol lignin 
yielded only 90 per cent, of Klason lignin, it must be assumed for 
purposes of calculation that this represents 24 • 9 per cent, of methanol 
lignin in the wood. The methoxyl content of the native lignin would 
628 

therefore be = 25*2 per cent. Similarly using Mackney’s figure 

for methoxyl not in Klason lignin (2*3 per cent.) the methoxyl in 
Klason lignin would then be 5*18 per cent, of the wood, which con- 
tained 22*6 per cent. Klason lignin, and the expected methoxyl content 
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of the Klason lignin is therefore 7^5-^ = 22*9 per cent. 

22 * o 

It is recognized that these calculations are open to objections in 
that it is not known with any degree of certainty that the Klason 
lignin really does represent all the lignin and nothing but the lignin; 
furthermore, the calculations apply to the whole of the lignin in the 
wood, whereas only a third of it has been isolated as water-insoluble 
methanol lignin. 

It is of interest to note that the syringyl compound l-(4-hydroxy-3, 
5-dimethoxyphenyl)-l, 2-propanedione isolated by Kulka et al. (1944) 
from hardwoods has a methoxyl content of 27*7 per cent., whereas 
the corresponding guaiacyl compound has a methoxyl content of 16 0 
per cent. 

5. Condusions 

Extraction of the wood of Eucalyptua regnana F.v.M. with methanol 
at 150°C. takes into solution a large part of the lignin in a form which 
retains the reactions of lignin in the wood. There is, therefore, some 
justification for referring to this lignin as native lignin. 
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Mineral Chlorination Studies 
3. The Chlorination of Australian Beryl 
By F. K. McTaggart, MSc* 

Summary 

Optimum conditions for the decomposition by chlorine of beryi from 
Wodgina and Londonderry districts of Western Australia were determined 
and factors influencing the rate of reaction, such as flneness of grinding, 
catalysts, briquetting, and temperature, were investigated. Evidence was 
found for the presence of combined water in the beryls used. This was 
not eliminated at 1250°C. and prevented complete separation of the AlCli 
and BeCli produced when the latter was fractionally condensed in the range 
200°-400°C. On resubliming the Bed, and again condensing at 250°C. 
beryllium chloride free from aluminium was obtained. Other methods of 
separating the chlorides were investigated and it was found that among 
the organic solvents acetyl chloride is effective. 

1. Introductioa 

During the last six or seven years the metal beryllium has assumed 
considerable importance both in the pure form and in the form of 
alloys of which beryllium-copper is perhaps the most widely used 
and best known. The demand for beryllium and its derivatives has 
increased steadily and although production has kept pace with 
requirements the processes in use for its production are not entirely 
satisfactory, as they involve some of the more difficult techniques 
known to industrial chemistry. Two main processes are in use, one 
depending on the electrolysis of the fused chloride and the other on 
the electrolysis of a fused complex fluoride. The former process 
may be carried out at relatively low temperatures (250°-800°C.) and 
lowwoltage (3-5 volts) but the beryllium is deposited in the form of 
flakes or powder and must be pressed and fused at 1300°C. under a 
suitable flux to yield ingots. The latter process yields the metal 
either in the form of an alloy or in the massive state but requires a 
working temperature of at least 1400°C. and a voltage of 70-80 volts. 
The present tendency overseas appears to favour the chloride 
electrolysis. Both processes involved, until recently, the breakdown 
of the ore by various means to yield intermediate compounds, for 
example, beryllium oxide, which was then chlorinated in the presence 
of carbon to yield anhydrous beryllium chloride. 

Beryl, which is a silicate of beryllium and etluminium, is the only 
beryllium ore of general commercial importance. Notable deposits of 
b^l in pegmatite formations occur in certain parts of Australia, 
paiticularly in Western Australia at Wodgina, Londonderry, and else- 
where, and in the Boolcoomatta district of South Australia. These 
deposits have been worked to some extent but the beryl has been 
exported, and as yet no beryllium has been produced in this country. 
Because, of the raw material potentially available it appears likely 
that Australia could satisfy a significant proportion of the present 

* An officer of the Division of Industrial Chemistry. 



demand for beryllium if the ore were processed locally. The above 
considerations form the background against which the present investi- 
gation was undertaken. 

Winters and Yntema (1) have described a process for the pro- 
duction of anhydrous beryllium chloride by direct chlorination of 
beryl, the other chlorides formed, namely aluminium chloride and 
silicon tetrachloride, being separated by passing them through a 
tube held at 375®C. Under these conditions the beryllium chloride 
which has a b.p. of 520^C. is said to condense in the tube in a pure 
form, while the chlorides of aluminium, sub. pt. 178°C., and silicon, 
b.p. 57-6°C., pass through. The present paper describes the appli- 
cation of this process to beryls of Australian origin and the investi- 
gation of the various factors which influence the rate of chlorination. 
Some data are appended concerning other means of separation. 

The theoretical formula for beryl, which is a beryllium aluminium 
silicate, may be expressed thus: 3BeO, Al^O^, 6SiO,, i.e., 14 per cent. 
BeO, 19 per cent. AI2O3, and 67 per cent. SiOo. In nature, however, 
these proportions are not adhered to strictly, the BeO varying from 
about 8 to 13 per cent, with corresponding variations in the per- 
centages of the other constituents. Caesium, scandium, manganese, 
alkalis, and other elements may also be present in small quantities. 
The beryl crystal is one of the most complex silicates known, the Al, 
Be, and Si atoms being linked in a manner such as to bear no 
resemblance to oxide structure. As W. L. Bragg (2) says : — ** The 
structure of beryl (aquamarine, emerald) may perhaps be considered 
as one of the most elegant of the many interesting coordinated 
structures displayed by silicates Fig. 1 is a reproduction, taken from 
this book, of the structure of beryl: 



0^9,21 A' 

Fig. 1.— The structure of beryl, Be,A13i«0,«. Note the Si«0„ rings. 
Superimposed oxygen atoms are symmetrically displaced. The reflection 
planes are at heights 0, 50, 100. (Reproduced from Bragg, 1937.) 
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The composition (see next section) of the beryl used by us was, 
however, sufficiently close to the theoretical for use to be made of 
the latter in calculating the proportions of beryl and carbon for 
briquetting and the approximate heat requirements of the reaction. 


The reaction is essentially as follows: — 



SBeO + 

A1,0, + 

6SiO, + 180+ 1801, > 8BeCl, 

+ 2A1C1, + 

esiou 

+ 1800 

Bfol. WtB. 

25 

102 

60 12 

71 

80 

133-5 

170 

28 

Mol. ratios by 

76 

102 

360 216 

1278 

240 

267 

1020 

604 

wt. 

Wt. ratios 


637 

216 

1278 


1627 


604 

Heats of for- 

132? 

389-5 

200 


112-5 

166-8 

149 

26-4 

mation (AH) 
in kilooalB 









Summation 

396 

389-5 

1200 


337-6 

333-6 

894 

476-2 


1985 K cals. 2040 K oala. 


There are insufficient data available at the present time for the 
calculation of the quantity of heat given out, or absorbed, per mole 
at the reaction temperature, or even of the free energies at room 
temperature, but from past experience with chlorinations of this 
nature and a consideration of the data given above, it would appear 
that the reaction is likely to be slightly exothermic at the reaction 
temperature and on a large scale it must be considered likely that 
sufficient heat would be generated to make external heating unneces- 
sary provided the charge was initially at a sufficiently high tempera- 
ture. This procedure has, for example, been found to be completely 
successful in the industrial scale chlorination of rutile. In any case, 
the heat requirements of the reaction would be small. 

There are few references in the literature to the chlorination of 
beryl although many workers have prepared anhydrous beryllium 
chloride by chlorination of the oxide. In addition to those of Winters 
and Yntema (1) the only other chlorinations carried out on beryl 
appear to be (a) that referred to in a patent held by Portnov and 
Seferovich (3) and (b) one described by Fink (1). However, in none 
of these accounts are any details of proportions, reaction tempera- 
tures, reaction rates, etc., given. Fink stated that coarsely-ground 
beryl, without carbon, chlorinated readily at a red heat, but we were 
not able to confirm this, Portnov and Seferovich claimed that the 
reaction may be catalysed by small amounts of alkali metal chlorides. 

2. Raw Materials 

(i) Beryl 

The beryls used in this investigation were of the massive variety. 
That from Londonderry was pale green in colour and was obtain^ 
from a 4arge pegmatite formation worked for microcline felspar. 
That from the tantalite locality at Wodgina was white in color 
and of the variety known as rosterite containing about 1 per cent, of 
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caesium oxide. Londonderry beryl, of the type used in the work 
described here, has been described by Le Mesurier (5) and typical 
analyses given by him are as follows: — 



Color: Milky white to pale green. 
Isf . sample 

2nd. sample 


per cent. 

per cent. 

SiO, 

63-40 

63-80 

AlA 

21-28 

17-26 

FCjjO, 

— 

0-80 

BeO 

9-56 

12-58 

MgO 

0-16 

0-02 

CaO 

0-20 

0-30 

up 

0-72 

0-82 

Nap 

1-24 

1-38 

Kp 

0-16 

0-20 

Ign. loss 

2-57 

2-30 


99*29 

99-46 


The sample used contained 12*5 per cent. BeO and suffered the 
following losses on heating: to 120®C. 01 per cent., 120°-1000°C. 2*1 
per cent., 1000'"-1200°C. 0*2 per cent., making a total of 2-4 per cent. 
It was reserved mainly for the work on the separation of the chlorides 
because its composition approached more nearly that of the ideal 
beryl, 3BeO, ALO., OSiOg, ttan the Wodgina ore. For this purpose 
it was crushed in a jaw crusher and ground in a roller mill to minus 10 
mesh and finally ground in a porcelain ball mill to 98 per cent, minus 
200 mesh. 

Wodgina beryl has been described by Simpson (6) who gave the 
following analysis: — 

SiO. 

aiA 

Fefi, 

BeO 
FeO 
MnO 
MgO 
CaO 
Li.O 
Na,0 
K,0 

CSjO 

Ign. loss 

100-64 


66-42 

17-97 

nil 

11-20 

nil 

nil 

nil 

0- 30 
0-82 

1 - 01 
trace 
0-72 
2-20 


Other samples were reported to contain MnO. That used in this 
work contained 0*4 per cent. MnO and showed a loss on ignition to 
120'»C. 2*3 per cent.. 120®-^(K)°C. 1-1 per cent., 80(>-1000°C. 1-0 pa* 
cent., 1000®-1200®C. nil, making a total loss of 4-4 per cent. 



568 


This ore was used in the determination of reaction rates and for 
the experiments showing the influence of particle size. It was grotmd 
in a similar manner to the Londonderry ore but was Anally screened 
and these fractions collected: — 100 + 150 mesh; — 150 -|- 200 mesh; 
— 200 -f 270 mesh ; and — 300 mesh. 

(ii) Coal 

The coal used in these experiments was a black bituminous type 
and was crushed and ground imtil it had the following screen 
analysis: 10 per cent, retained on 50 mesh screen, 41-5 per cent, re- 
tained on 100 mesh screen, 29 • 5 per cent, retained on 150 mesh screen, 
12*0 per cent, retained on 200 mesh screen, 6 0 per cent passed by 200 
mei^ screen. 

The coal contained 11*5 per cent, ash made up of 7-6 per cent. SiOj, 
0*5 per cent. FCgOg, 2*6 per cent, of other RjOg, and 0-8 per cent, 
undetermined alkalis, etc. 


(iii) Charcoal 

High-grade activated charcoal as used for decolorizing purposes 
was employed for most of the experiments on reaction rate. The ash 
content of this material was 8-0 per cent. 


(iv) Tar 

A light fraction of re-distilled vertical still tar which had the 
following physical and chemical characteristics*: 


Specific gravity 
Free carbon 
Water 

Distillation range: — 

0-170°C. 

170°~230°C. 

230°-300°C. 

Total oils to 300 ^C. 
Pitch content 


1 06 

5 per cent, by weight 
nil 


nil 

8*6 per cent, (by volume) 
28 per cent, (by volume) 
36-6 per cent, (by volume) 
63 per cent, (by weight) 


This tar, which was thin and dark brown in color, was found to 
be ideally suited for briquetting purposes. 


3. Experimental 

(i) Briquetting 

The reaction between beryl (having the theoretical formula 3BeO. 
Al 203 . 6 Si 02 ), carbon, and chlorine has been shown above. From this 
it is seen that a briquetted mixture of beryl and carbon should contain 
71 per cent, of beryl and 29 per cent, of carbon. However, this would 
only apply if the beryllium, aluminium, and silicon content of the 
mineral were attacked during chlorination to an equal degree. Initial 
experiments were made, using the above proportions, to determine 
whether equal attack did occur, and to this end a sample of briquettes 

*We are indebted to Messrs. James Forbes (Tar Distillers), Melbourne, 
for this analysis, which is stated in the conventional tar manufacturers* 
way. This s|^cification is very close to what is known in Australia as No. 
1 vertical tar and could be described as ** No. 1 vertical tar plus 3 per cent, 
flight oUs**. 
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containing by analysis 72*8 per cent, total ash (beryl plus carbon 
adx) and 27*2 per cent, carbon was ashed and an analysis for Si02 
made on this ash. A figure of 63*0 per cent. SiO^ was obtained. 
Briquettes from the same batch were then chlorinated until 91*6 
per cent, conversion of the total ash content had been achieved. The 
residue which contained 54 per cent, carbon was ashed and the SiOg 
content was then found to be 67*3 per cent. To show that this 
difference is not significant when related to the actual quantities 
involved, Table 1 has been prepared. 


137 g. briquettes 

I 

I 

chlorinated 

I 

I 

18*2 g. residue 

I 

I 

8*4 g. total ash 


Table 1 

137 g, briquettes 


ashed 


(100 g. beryl and carbon ash) 

I 

V 

63 g. SiOj 


if 67 • 3 per cent. SiOj if 63 per cent. SiOj 

I I 

5*65 g. SiOo 5 *29 g. SiOo 

It shows the final discrepancy between the SiO^ consumed 
theoretically (for uniform attack on the Al, Be, and Si content of the 
beryl) and that consumed actually, when 137 grams of briquettes 
were chlorinated. This discrepancy amounted to only 0*36 g. in 63 g. 
— less than 0 • 6 per cent. In other words the Al, Be, and Si in the beryl 
were, within close limits, attacked to an equal extent. Hence the 
theoretical proportions of beryl and carbon are correct, and the aim 
when making briquettes has always been to approximate closely the 
71:29 ratio. 

The method of briquetting has been fully described elsewhere (7), 
and was followed in this case both when using charcoed and coal. Too 
little carbon resulted in the briquettes crumbling badly during 
chlorination, while too much had no undesirable effect other than 
causing a waste of furnace space. The size of the briquette pieces used 
throughout the experimental work was minus i-in. mesh plus 1/32-in. 
mesh, in order to keep the conditions constant, but larger pieces up to 
i-in. mesh or more were found to chlorinate satisfactorily, no diminu- 
tion in reaction rate being noticeable. 

The difference between briquettes made from coal and charcoal 
is shown later. 

(ii) The Laboratory Chlorination Furnace 

This is shown in Fig. 2. It consisted of a vertical silica tube 
furnace (A), wound with a heating element of 26-gauge platinum — 
20 per cent, rhodium wire, and fitted with a chlorine inlet tube (B), 
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thermocouple tube (C), and side outlet (D) for the gaseous reaction 
products. This side outlet was wound with a nichrome heating 
etement to maintain it at a temperature slightly above 500® C. (E) 
was an opening used for filling the furnace, this opening being closed 
during chlorination by the ground plug (F). 



Fig. 2. — Laboratory chlorination furnace with apparatus for 
determination of reaction rates. 


The charge (G) of briquetted beryl and carbon rested on a bed of 
silica chips (H), the latter ensuring that the whole of the charge 
was at a uniform temperature within the furnace. Chlorine was 
introduced into the furnace via the sulphuric acid bubbler (I) and 
the fiowmeter (0-500 cubic centimetres per minute, orifice type) (J). 

(iii) JnfliLence of Particle Size on Reaction Rate 

It has been shown that the aluminium, beryllium, and silicon in the 
beryl react during chlorination to an equal extent. Use was made of 
this fact in the determination of reaction rates. Owing to the difficulty 
of measuring the amounts of BeCU and AlCl^ produced during a given 
interval of time, these chlortdes were condensed out completely and 
the SiCl^ passed into a condenser. A measure of the volume of 
SiCl^ collected in any given time, when other factors were constant 
(temperature, particle size, &c.) gave a measure of the reaction rate. 

The apparatus used in addition to the chlorination furnace described 
above is shown on the right-hand side of Fig. 2. (K) is a pyrex 

glass tube 2 feet in length and H in. in diameter. It was attached to 
the side outlet (D) of the furnace and served as an air condenser for 
the trapping of the BeCU and AICI 3 . At room temperatures the 
SiCl^ passed through this tube and was condensed in the U tube 
condenser (L), which was fitted with a receiving section (M) 
graduated in cc. The latter, with both arms of the condenser, was 
immersed in absolute alcohol cooled to — 25®C. by means of solid 
carbon dibxide, dry ice.” (N) was a vacuum fiask containing the 
alcohoL A temperature above — 33'6®C., the boiling point of chlorine, 
was chosen to avoid condensation of the excess chlorine passing 
through the system. 
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Wodgina beryl screened as previously described to — 100 + 150, 
— 150 + 200, — 200 -f. 270, and minus 325 mesh was briquetted with 
B.D.H. decolourizing charcoal. The ash contents (beryl plus carbon 
ash) of these foxir batches of briquettes lay between the limits of 
65 and 70 per cent. Charges of 100 g. — J-in -f- 1/32-in. mesh were 
used. The procedure was to place the charge in the furnace, close the 
top opening with the ground silica stopper, and attach the glass air 
condenser by means of a small amount of cement, consisting of equal 
parts of coarse asbestos fibre and alundum cement. The current was 
then turned on and the furnace and side outlet brought up to full 
working temperature. During this time a stream of dried nitrogen 
at 100-150 cc. per minute was passed through the furnace, and this 
was continued until all traces of moisture had been driven out of the 
system. The condenser for the SiCl^ was then attached by means of 
a rubber stopper to the end of the air condenser and the vacuum fiask 
containing the cooled alcohol placed in position. Chlorine was then 
passed into the furnace at a rate such that a slight excess appeared 
at the condenser outlet. This could be determined by analysis of the 
exit gases or more readily by calculation based on the amount of 
SiCl^ condensing. 

Table 2 shows the reaction rate, expressed as cc. of SiCl^ evolved per 
fifteen minutes for the various sizes of beryl at temperatures of 800°, 
1,000°, and 1,200°C. 


Table 2 


Briquett4! 

Beryl Mesh 

Eeaction Bate cc of SiCl 4 per 15 mins 

Temp 800* C 1 

t Temp. 1000* C 

Temp. 1200* C 

a . 

-100 +160 

0-9 

1 

4 - 3 ? 

4-2 

h 

-160 4 200 

2*5 

4*3 

4*8 

c 

-200 +270 

3-5 

4-9 

61 

d 

-325 

6-26 

6-6 

6-8 


The infiuence of particle size is seen to be very marked at 800°C., 
blit less so at 1000°C., and at 1200°C. It would appear necessary to 
grind the beryl at least to 90 per cent, minus 200 mesh. The reaction 
could then be carried out satisfactorily at 1000 °C. Conversely, a 
lemperatinre of 800°C. could be used with no great reduction in 
reaction rate, provided the beryl was ground to 100 per cent, minus 
325 mesh. For large-scale work Table 2 allows a choice to be made 
and an optimum found between particle size and temperature. 

(iv) Influence of Temperature on "Reaction Rate. 

In addition to the experimental work described above, reaction 
rates were determined at temperatures lower than 800° C., and the 
temperature at which reaction commenced was determined for each 
particle size, lliese results, together with those given in Table 2, are 
plotted in Fig. 3, the rate of reaction, given as volume in cc. of 
Sia^ per fifteen minutes, being plotted against temperature of 
reaction. 
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The sbiipe of the curves is sixoilar to that obtained for the reaction 
between rutile, carbon, and chlodne (7), and appears to be typical 
of heterogeneous reactions such as this. Reaction rate apparently 
depends on two factors: — 

(a) The area of the solid surface which increases with degree 

of fineness, and the number of active surface spots which 
increases with temperature. 

(b) The rate of diffusion of the chlorinating agent to, and the 

gaseous products away from, the solid surface which 
reaches a limiting value. 



sn 

Fig. 3. — Influence of temperature and particle size on reaction rate 

The use of a faster chlorine rate has the effect of promoting a 
more rapid removal of products from the active surface. This can be 
seen in the upper curve in Fig. 3, which was obtained when the 
chlorine rate was raised from 300 cc. per minute to 450 cc. per minute. 

(v) Influence of Charcoal and Coal on Briquettes 

In sections (iii) and (iv) all briquetting was done with B.D.H. 
decolourizing charcoal. The cost of a material such as this would 
obviously be prohibitive in large-scale work, and it was therefore 
necessary to examine the effect of coal as the source of carbon in the 
briquettes. Hence, samples were made from Wodonga beryl of minus 



Fig. 4. — Reaction rates using coal and charcoal respectively. 
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325 me^, 100 mei^ coal, and tar, the briquetting being done in the 
standard manner. The porous masses produced were of a similar 
quality to the type previously used, had the same apparent porosity, 
and were of the same hardness. Reaction rates were determined at 
1000°, 900°, 800°, and 700°C. The figures obtained are shown in 
graphical form in Fig. 4, together with a reproduction of the curve 
for Wodgina minus 325 mesh beryl plus charcoal. 

There was little to choose between the coal and charcoal types 
at 1000°C., but at lower temperatures the former was unsatisfactory. 
It would appear that when using the coal-beryl briquettes a 
temperature of at least 900°C. is necessary for a reasonable reaction 
rate. Several batches of briquettes gave the same results. 

(vi) Effect of Addition of Alkali Metal Chloride on Reaction Rate 
and Difference between Wodgina and Londonderry Beryl 

Portnov and Seferovich (3) claimed that the reaction between 
beryl, carbon, and chlorine is catalysed by the addition of small, 
unstated quantities of alkali metal chlorides. Other workers have 
claimed similar results when chlorinating such minerals as rutile, 
ilmenite, and zircon. It was interesting, therefore, to apply the 
previously described technique for measuring reaction rates to this 
problem. At the outset it was realized that if these claims are correct 
the two types of beryl might be expected to show similar reaction 
rates since both have alkali contents of the same order. Therefore 
comparisons were first made between the two types. Both were ground 
to minus 325 mesh and briquetted with decolourizing charcoal and 
tar in the standard mannei:, the beryl-carbon ratio held within narrow 
limits. The variation of reaction rate with temperature for these 
samples is shown by curves (a) and (c) in Fig. 5. 



C 

Fig. 5. — Reaction rates for different beryls and influence of alkcdl chloride. 


It will be seen that there was a very marked difference between the 
two. The Wodgina beryl commenced to react at a temperature lOCC. 
below the Londonderry, and reacted faster at all temperatures 
up to 1000®C. No explanation can be given for this phenomenon, 
but it was evident that some other factor besides the alkali content 
was involved. The third curve shown (b) is for Londonderry beryl of 
minus 325 mesh plus 2 per cent, sodium chloride. To ensure good 
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That tile vapours passed through the tube too quickly for 
temporature equilibrium to be established is disproved by No. 27, in 
which the chlorine rate was only 50 cc. per minute, and No. 21, in 
which it was 75 cc. per minute. No increased amount of chlorides 
was collected in these experiments over that collected in Nos. 36 and 
39, so that the possibility of “ sweeping out of vapour by too rapid 
gas flow must be eliminated. In an attempt to achieve better separation 
a series of chlorinations was done with the collecting tube held at 
various temperatures between 200°C. and 400°C. The results are given 
in Table 5 and are graphed in Fig. 7. 

Nil' 



T^nrt/ycrcj/’ur^ o/ co//(^c^/h^ 

Fio. 7. — Influence of condenser temperature on selective deposition of 

AlClj and BeCla. 


It will be seen from Fig. 7 that there is a point of maximum 
enrichment of BeClg at 250°C. The reason for this was not immediately 
evident, so further” experiments were carried out for the purpose of 
elucidating the matter. Pure Al^Og and BeO, both of which had been 
ignited to 120(>°C., in the ratio of 17:10 by weight (corresponding 
approximately to the proportions of these oxides in beryl) were 
briquetted with charcoal in the standard manner and chlorinated 
at 900°-950*C. The AlClg and BeClg vapours formed were passed 
through the collecting tube which was held at 350°-360®C. It was 
found that pale yellow, almost white, crystals of BeClo had formed in 
the tube and that the AlClg had passed through. Thus the mixed 
oxides behaved very differently from the beryL Two possible factors 
that might cause these anomalous results were recognized: — 

(a) The presence of SiCl^ vapour in the case of the beryl might 
H be the cause of formation of loose compounds, thus 

changing the boiling point of chlorides. 

(b) The presence of moisture during the chlorination in spite 

of the fact that the briquettes were heated to 800^0. 

prior to chlorination. 




577 


in 

I 




I 


5 


HI 


h 






& 

I 



•>» ^ d» *2 5 •£ 

|ll||j|ll 




.§5 

. (M ^ 


7 ? 

4 o 6 


I 

a 

r-^ 

<0 »0 QO 
eo 04 04 CO eo CO 

0000660 ^— 


>o 

© • 

© 

? 

© 

© 

s 

- — 

s 

s 

a 

a 



X 

ua 

kO 04 


QO 

04 ^ 


04 

to 9 


r- ua CO CO t» CO 

lo 10 Oi ua CO © o r- CO 


ua © ua 

CO CO CO 


I §11 § l§§l§lill 2 “ " 


^ ua.Q 04 O’«tooco.-«©xt- oieo o 

f -00 o> ©©x©xxxt-'^ ©>0 X 


©•© x^-^xoco©*!^ X 

bo ^ _ 


(M »-< (a< I— I r-i f-K X X -MX 1-t 


o ©©©©©©©©© ©© © 

bO ©©© r* r- f r* r- 1 - r- r- 


1 

M 

0 

H 


10 

-H 


© 

04 




04 < 


«a © 

X X 


PI 


® ^ ^ IS 


S QQXXiOlO©© 
©Cm©©©©©©© 




s:; 


Mixed oxidee (see text). 



STB 


To investigate (a), a mixture of tiie oxides of aluminium, bezyllhun 
and silicon was made up, consisting of 19 per coit. A1,0,, 11 per cent. 
BeO, and 70 per c«it. precipitated SIO,— each of minus 300 medi. 
Ihis mixture was briquetted in the usual manner and dilorinated. 
Results are shown in Table 5. In Experiment No. 45 the collecting 
tube was held at 350°-360’C., while in No. 46 it was held at 290°- 
300C°. It will be seen that the figures for the AlCl, : Bed, ratio agree 
dosdy with those obtained using beryl (e.g., Experiments 33 and 35). 
At first sight this appeared to confirm the view that the Sid^ was Ae 
disturbing factor, but it was considered desirable to investigate (b) 
thoroughly before coming to a definite conclusion. 

Hie occurrence of a minimum point on the curve (Fig. 6), which 
indicated maximum enrichment of Bed, at 250°C., may be explained 
by assuming that a practically constant fraction of the Aid, produced 
in every chlorination was hydrolysed, and that this materisd collected 
in the tube, together with the anhydrous BeCl,. There might also 
have been a small amoimt of Bed, hydrolysed each time — but this 
would be less in amount than the Aid,, see below. Thai at temperatures 
lower than 250°C. larger quantities of Aid, would be obtained owing 
to condensation of unhydrolysed Aid,, which would have the effect 
of increeising the Aid., : BeCl, ratio, while at temperatures higher 
than 250°C. smaller and smaller quantities of Bed, would be retained; 
the hydrolysed Aid., would still be present and the net dfect again 
would be to increase the Aid, : BeCl, ratio. That the AlCl, would be 
preferentially hydrolysed in this manner is in agreement with thermo- 
dynamical data for the two chlorides, and that the total Bed, 
collected falls off gradually between 250°C. and 400°C. in agreement 
with the above reasoning is shown by the downward slope of the 
collection curve (also Fig. 6). At high temperatures practically 
nothing was collected in the tube, the material present being in the 
form of a brown sludge on the bottom of the tube. It appeared 
certain that this material was all in the hydrolysed form. 

If this hydrolysis was taking place the moisture could come only 
from the charge because the chlorine was thoroughly dried through 
sulphuric acid and calcium chloride tubes, and furnace and collecting 
tubes were always dried for several hours at their respective nmning 
temperatures before chlorination w£is commenced. Firstly therefore, 
the mixed oxide briquettes described above were heated for several 
hours at 1100°C. and then chlorinated. The results (Experiment 56, 
Table 5) showed a marked improvement on previous chlorinations, the 
Aid, : BeCl, being 0-06 : 1, compared to the previous best 0"25 : 1 
As this demonstrated conclusively that moisture in the charge could 
cause lack of sep^u^ation, attention was turned to beryl briquettes. In 
a series of experiments summarized in Table 6 beryl briquettes were 
dried at 1200°C. for 4-5 hours immediately prior to being chlorinated. 

In Experimoits Nos. 57, 59 and 60, briquettes were dried in the 
furnace itself in an atmosphere of nitrogen, and were then chlorinated 
at the same temperature — i.e., 1200°C. With the collecting tube at 
370°C. little or nothing was retained while at 250°C. the ratio 
of A1C1,< to BeCl, was 0-2 : 1, but analysis showed (column 14 
and 15, Table 6) that some Aid, was condensing. At 330°C. 
the ratio was 0-1 : 1 which was considered more satisfactory. 
However, when similar chlorinations were carried out at 1000°C. — a 
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tmperature that must be regarded as a maximum for this type of 
reaction, owing to the rapid attack on silica, Ac. by chlorine at high 
temperatures — ^results were disappointing. In Experiments 61 a|gl 75 
the charges were heated to 1200^0. for 4-5 hours in an electric muffle 
prior to chlorination, but the separation was little better than in pre- 
vious cases cited in Table 5. Increasing the temperature of the 
collecting tube to 350^C. (Experiment 77) had the effect of reducing tl^ 
amount of BeCi^ retained, so that it appeared that 300^-330^0, was 
the optimum temperature for collection. Wodgina beryl briquettes 
treated and chlorinated under the same conditions (Experiment 79) 
gave almost identical results. It was found in these experiments that 
a quantity of the BeCl^ was always condensed out in large, well-formed 
crystals on the upper part of the collecting tube and could be 
mechanically separated (see column 11 , Table 6 , Experiments 59, 61 
and 75). These crystals seldom contained more than 4 per cent. (4 
Ald^ but did not amount to more than 30-40 per cent, of the total 
BeClj formed. 

The use of baffles designed to bring about a more complete separa- 
tion of these crystals was tried but was not successful. The bulk of 
the AICI 3 in the tube was always in the brownish sludge on the bottom. 
It appeared to be partially hydrolysed and was a liquid above 250*^0. 
No reason can be given at the present time for the increased separation 
found when chlorinating at 1200°C., but this temperature must be 
regarded as impracticable for general use. 

The results obtained from all these experiments pointed clearly to 
the presence of moisture in the charge which, during chlorination, 
combined with part of the AICI 3 to form a compound involatile up to 
400^0. The question as to the source of this moisture remained 
unanswered. Kleeman (10) has shown that beryl from Boolcoomatta, 
South Australia, contains approximately 1 • 74 per cent, water given off 
between 120° and 800°C. He suggested that most of the water is given 
off at about 700“-*800°C. but apparently did not confirm this. It 
appeared that four-hydroxyl groups replace one silicon-oxygen group 
in this type of beryl. We foimd that Londonderry beryl lost 1-95 per 
cent, water between 120° and 800°C., a further 0-15 per cent, between 
800° and 1000°C., and suffered a further loss of weight of 0-2 per cent, 
between 1000° and 1200°C., which, on the evidence of the chlorination 
results, was still more water. Wodgina beryl lost 1 • 05 per cent, between 
120° and 800°C., 1*05 per cent, between 800° and 1000°C., and prac- 
tically nil between 1(M)0° and 1200°C. Neither beryl can be heated 
above 1200°C. without sintering and fusing. The water remaining 
above 800°C. in either case would be sufficient to prevent complete 
separation as obtained by Winters and Yntema, and in view of our 
results it is a matter of doubt whether all the combined water is driven 
off even at 1200°C. Beryl from other sources may not contain hydroxy 
groups such as must be present in the types used by us, and with such 
anhydrous ” ores it should be possible to achieve separation readily. 
It must be concluded, however, that this is not possible with London- 
derry or Wodgina beryl. 

4. Resublimation of Mixed Chlorides 

An attempt was made to effect a separation of the aluminium and 
beryllium chlorides by condensing them in a glass tube at room 
temperature and resubliming at temperatures of 360°-420°C. The 
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apparatus used is shown in Fig. 8. A 10>in. length of 2-in. diameter 
pyrex glass tubing (A) carrying a groimd glass joint (B) was sealed 
to the side outlet of the chlorination furnace (C), and surrounded over 
a 6-in. length immediately adjacent to the furnace outlet, by a sliding 
heating element (D) the temperature of which was maintained at 
430°C. The chlorides of aluminium and beryllium condensed in the 
region shown while the silicon tetrachloride passed through the tube 
and was condensed in the previously described condenser. Chlorination 



Fig. 8. — Differential sublimation apparatus. 


of the charge was carried out in the usual manner with full precautions 
for drying, &c. At the conclusion of diloiination the whole system 
was swept out with nitrogen for i hour. The pyrex tube was then 
removed, quickly stoppered at each end with calcium chloride tubes, 
and sealed off at the position (X) in the blowpipe flame. A rigdit-angled 
condenser tube (E) was fitted and the arm containing the diloride 
mixture was immersed in a salt bath (F) consisting of equal parts of 
sodium nitrate and sodium nitrite. The temperature of the bath was 
raised slowly to the desired value and left for i hour. The chlorides 
from each section were then dissolved out with dilute hydrochloric 
acid and analysed. The results are summarized in Table 7. 


Table 7 


Bxpt. 

No. 

Total Wt. 
of Aiq. 
and BeQ« 
Approx. 

Tomp. of 
SablUnatlon 

BoBidoal Chloride 

Sublimed Chloride 


Total 

BeCl./ 

AlCla 

Total 


Semarka 


g- 

•c. 

g- 





1 

30 

420 

13*9 

21 ; 1 

15-8 

1 : 3*6 

Bedg vol- 
atilised 

1 

4 

16 

360 

i 

9 

2*5 : 1 

7 

1 : 13 



It will be seen that the separation resulting from resublimation was in 
all cases very poor and again evidoice was obtained for the presence 
of hydrolysed aluminium chloride. Thus in No. 1, Table 7, heating the 
mixture to 420°C. did not drive out a signiflceuitly greater quantity of 
this material than heating to 360°C. (No. 4). However, a quantity of 
beryllium chloride was lost at the higher temperature. 

0.8834/47.— 6 
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5* Resttblimatioa of Beiylliuiii Chloride 

Since the beryllium chloride condensed in the range 225°-275°C. 
was contaminated with aluminium chloride in a form that appeared 
to be substantially involatile up to 400^C. it was anticipated that 
resublimation would yield a purer product. Furthermore, to avoid 
traces of Ald^ condensing with the resublimed BeCl, it seemed 
desirable to condense the latter again in a tube maintained at 250^C. 
Such experiments were carried out with success. Beryllium chloride 
containing 20 per cent. AICI3 was prepared in the manner and with the 
apparatus already described, with the condenser temperature at 250®C. 
(Fig. 6). When suflScient had been collected, the passage of chlorine 
was stopped, the glass bulb was removed from the end of the condenser 
and a second silica tube, similar to the first was attached. This was 
maintained at 250°C. and was fitted with a glass bulb at the end. The 
temperature of the first tube was then slowly raised to 420°C. during 
which a stream of nitrogen was passed through the system. On com- 
pletion of the experiment the second tube was found to contain a mass of 
pure white, needle-like crystals of BeClj, in which no trace of 
aluminium could be detected using 8-hydroxy-quinoline reagent. In 
the first tube 2-3 grams of chlorides was usually obtained, these being 
in a semi-liquid or liquid form, and containing 40-60 per cent. AlClg. 
In the bulb at the end of the system was found a similar quantity of 
dry chlorides containing 60-70 per cent. AIQ3. 

The yield of BeCl^ was approximately 40 per cent, based on the 
amount of beryl decomposed in the furnace. This rather low figure 
was probably due to the nature of the condensing tubes, a loss being 
sustained during each condensation; and it is probable that the use of 
a more efficient type of condenser would improve the yield. Data from 
two typical experiments are given below: — 


Table 8 


No. 

Beryl 

OoDBumed 

1 After BeBoblimBtion 

Yield 

BeCl« 

First Bulb 

Tint 

Condenser 

Second 

Con- 

denser 

Second 

Bulb 


AlCU 

B^. 

Wt. 

AlCl, 

BeCl. 

Wt. 

Wt. 

AlCl, 

BeCl7 


g- 

g- 


g- 

g- 


% 

g* 


3 

40 

2 2 

0*8 

60 

30 

20 

42 

19 

3-76 

4 

45 

20 

1-2 

5-4 


20 

39 

20 

4*0 


6. Separation by Means of Solvents 

WiMler (11) suggested the use of certain chlorides or oxychlorides 
of suli^ur, carbon, phosphorus, and boron for the separation of the 
anh3^ous chlorides of aluminium and beryllium. In each case the 
aluminium chloride was claimed to be readily soluble and the beryllium 
chloride practically insoluble. No figures were given for the solubilities. 
Compounds of practical Interest that occur in this class include 
SOa^ b.pt. 78°C., COCI3 b.pt. 8-2°C., and POClg b.pt. 107®C. 
Attention was first turned to phosphorus oxychloride because it has 
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a lower volatility and is less poisonous than the others. The solubilities 
of the two chlorides were determined in this solvent at 25®C. and 
were found to be — 

AlClg 14*4 per cent., and BeClg 20-6 per cent., 

a result which is in the opposite sense to that expected and which 
means that separation by this means is impracticable. Aluminium 
chloride readily forms an addition compound with phosphorus oxy- 
chloride especially if mixtures of the two are warmed. The whole mass 
may become solid and much larger quantities of the solvent than those 
given by Wurster were foimd to be necessary for complete solution of 
the aluminium chloride. 

There is other evidence (Booth and Torrey, 12) that beryllium 
chloride is only slightly soluble in carbonyl chloride. However, the use 
of such a toxic compound must be regarded with disfavour for large 
scale work. It was thought that acetyl chloride, CHgCOCl b.pl. 52°C., 
being a similar nature might prove a useful substitute, and the solu- 
bilities of the two chlorides in it were determined. 


Table 9 


1 

Temperature 

Solubility 

BeCI, 

AlCl, 

®c. 

<V 

/o 


0 

3-8 

“ miscible ” 

25 

90 

9f 


Aluminium chloride may be dissolved in acetyl chloride in any pro- 
portion, the solution gradually becoming more viscous. For example, 
8 g. of anhydrous chloride in 15 g. cf acetyl chloride yields a syrup 
of the consistency of treacle. As the above figures appeared promising 
a series of experiments was carried out using mixtures of the chlorides 
made synthetically and from the chlorination of beryl. The results 
are summarized in Table 10. 


Table 10 
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ItwiUbeseai tliat a eomibj&al^ degree of a^untkn nuy be achieved 

by the use of acetyl chloride, which may be recovmxi readily by 
distillation. Ferric ^loride is readily soluble in acetyl ig 

tha:efore removed with the aluminium. 

7. Conctusion 

An attempt was made to separate the chlorides of aluminium and 
beryllium by fractional condensation following direct dilorination of 
two beryls of Australian origin. It is believed that the presence of 
(OH) groups in the crystal lattice Qf the beryls was responsible for 
tile failure to effect separation. Attempts to separate the al uminium 
chloride from the beryllium chloride by first collecting both chlorides 
and then subUming off the former by careful control of temperature 
were not successful. However, beryllium chloride collected at 250°C. 
and containing 10-20 per cent, aluminium chloride was obtained free 
from aluminium by resubliming and again condensing the beryllium 
diloride in a tube maintained at 250°C. 

Acetyl chloride was found to be effective in separating the two 
diloiides but phosphorus oxychloride was not suitable. The solu- 
bilities of aluminium and beryllium chlorides in phosphorus oxy- 
chloride and acetyl chloride were determined. 
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Studies in Cement-Aggregate Reaction 

VII. — The Effect of Storage Conditions on Expansion 
and Tensile Strength Changes of Mortar 

By H. E, Vivian, B»Sc,Agr* 

Summary 

Mortars containing high-alkali cement and reactive aggregate were 
stored under various conditions. Although expansion was affected by the 
environment (negatively in dry air; positively in other conditions) » cracks 
were produced and significant reductions in tensile strength occurred in 
all mortars. 


I. Introduction 

It was shown by Stantonf (1940) that small mortar test pieces 
containing reactive aggregate and high-alkali cement expanded ab- 
normally in a moist but not in a dry atmosphere. This suggests that 
different storage conditions, by affecting the amount of uncombined 
water in mortar, modify the expansion of reacted aggregate particles. 
Although similar mortars stored in water did not expand abnormally, 
more recent work by Stanton** (1943) has shown that storage in 1 
and 2 per cent, sodium hydroxide solutions caused significant expan- 
sions. An attempt is made in this paper to show how storage con- 
ditions affect the expansion and the tensile strength of mortar. 


1 . Materials 

Table 1. — Chemical CoMPOsmoN op Cement 


Oxidf 


SiOj . . 

Fe,0, 

A1,0, 


CaO .. 

MgO 

SO, 

Na,0 

K,0 .. 

lx)S8 on ignition 


Percentage 

22 14 
2-38 
4-94 
64*12 
1*08 
1*84 
0*45 
0*81 
1*88 


The reactive aggregate was a mixture consisting of five parts by 
weight of the reactive component plus 95 parts of the non-reactIve 
component. The reactive component was an opaline rock (V.17) from 
Butcher’s Ridge, East Gippsland, Victoria, crushed and sieved to 
— 18 + 52 B.S.S. mesh, and the non*reactive component was a quartz 
sand from either Leighton Buzzard, England, or Paringa, South Aus- 
tralia. These non-reactive sands were used in control mortars. Unless 
otherwise specified Leighton Buzzard sand was the non-reactive com- 
ponent used. The water : cement : aggregate ratio of all mortars was 
0-5 : 1 : 2 by weight at the time of mixing. 

•An officer of the Dlvtelon of Industrial Chemistry. 

t T. E. (1940).— Proc. Amer. 8oc. Civ. Engra. 66; 1781. 

** Stanton, T. E. (1943).— Proo. Amer. 8oc. Test. Mater. 48: 875. 
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3. Experimental 

(i) Mortar Bar Expansions 

Mortar bars, made from cement and reactive aggregate, were 
stored at room temperature under the following conditions: (a) In 
dry air*, (b) in moist air, (c) in 1 per cent, sodium hydroxide solution, 
and (d) in water. 

After storage for 41 days some test bars from each were changed 
over to each of the other three storage conditions, and kept in these 
for the remainder of the test period. In this way the effects of pairs 
of storage conditions were observed. Some test bars were kept for 
the full test period in their initial environments. Mortar blocks of 
similar composition, stored under the same conditions as the test 
bars, were broken periodically and examined by means of a binocular 
microscope at 30 diameters magnification. 

The expansions of these bars stored under different conditions 
are shown in Table 2. During the first 41 days storage the water 
vapour pressure in dry air storage may have exceeded 1 mm. Hg, 
since the partially spent calcium chloride was not replaced by the 
fresh desiccant frequently enough. As the results are not of exact 
quantitative significance this is unimportant. 

Conclusions from mortar expansions are: — 

1. Mortars did not expand significantly when stored in dry air. 
When stored in water they expanded very slowly but when stored in 
moist air or 1 per cent, sodium hydroxide solution they expanded 
rapidly. 

2. Unexpanded motars taken from dry air and placed either in 
moist air, 1 per cent, sodium hydroxide solution, or in water, expanded 
very rapidly for a short time, after which their expansion rates de- 
creased. These initial expansion rates were so high that it seemed 
probable that opal had undergone considerable attack by alkalis during 
storage in dry air and that when water was made available it was 
absorbed rapidly. 

3. Expanded test bars, stored initially in moist air, expanded 
rapidly for a short time on being changed to water or 1 per cent, 
sodium hydroxide solution, after which their expansion rates de- 
creased. This is similar to the previous result (2) and indicates that 
the reaction product can absorb large amounts of water in a short 
time. 

4. Mortar which had expanded in 1 per cent, sodium hydroxide 
solution contracted slightly when changed to moist air but later 
expanded rapidly. When changed to water similar bars continued 
expanding very slowly. This suggests that the alkali (or sodium 
hydroxide) content of the surrounding solution affects the expansion 
rate of mortar. 

5. initially stored in water expanded excessively when 
changed io 1 per cent, sodium hydroxide solution. This suggests that 
eithe? the increased concentration of alkalis in the storage solution 

♦Dry*air is a term used here in contrast with moist air. It refers to 
storage in an atmosphere above calcium chloride (CaCl, — CaCl,.HaO) and 
having a water vapour pressure less than 1 mm. Hg at 25®C. 



Table 2. — Percentage ExPANtioNs of Test Bars 
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prevents the continued diffusion of alkalis out of the mortar or, more 
probably, that the opal Is being attacked by sodium hydroxide which 
diffuses from the storage solution Into the mortar. When similar 
mortars were changed from water to moist air they contracted 
slightly and then, after a period of comparative stability, expanded 
dowly. This Is probably due to the mortar containing little alkali 
and much uncombined water. 

6. Mortar bars stored initially either in moist air, in 1 per cent, 
sodium hydroxide solution or in water, showed reduced expansion 
rates when changed to dry air. Their eventual contractions indicate 
that the availability of uncombined water affects the expansion of re* 
acting opal or the reaction product. 

Observations on these mortars are summarized (a) after the first 
41 days storage in each environment, and (b) after subsequent storage. 

(a) Storage for first 41 days 

(1) In dry air , — few small spots developed on the surface of 
the mortar. When freshly broken the cement appeared dry. Opal 
particles were slightly softened but not wet. Numerous short very 
fine cracks in the mortar were associated with opal particles. 

(2) In moist air . — ^Numerous wet spots developed on the mortar 
surfaces. Cement in freshly broken mortar appeared slightly moist. 
Changes observed in opal particles during reaction were: (a) soften- 
ing, (b) a tendency to form a jelly-like product, (c) some were finally 
converted to viscous liquid. The numerous cracks through the mortar 
were always associated with reacting opal particles and were filled 
only for part of their length with the reaction product. 

(3) In sodium hydroxide solution (1 per cent .). — The mortar 
surfaces were coated thickly with gelatinous material. In freshly 
broken specimens the cement appeared very wet especially near 
original external surfaces. Opal particles throughout the mortar 
had been attacked and in many cases had been converted to viscous 
Uqiiid. The mortar was cracked extensively and the cracks were com- 
pletely filled with reaction product. 

(4) In water . — Only a few spots of white gelatinous material 
developed on the surfaces of the mortar. Cement in freshly broken 
specimens appeared very wet. Opal particles had reacted and softened 
and in some cases had been converted to viscous liquid. The mortar 
was traversed by numerous fine cracks which were associated with 
reacted particles. The cracks were completely filled with the reaction 
product. 

(b) Storage from 41 days to 364 days 

(1) Mortars changed from dry air to moist air, to 1 per cent, 
sodium hydroxide solution, and to water, cracked extensively and 
their reactive particles underwent considerable change. In. moist air 
storage the reaction product appeared to remain in the gel state 
and did not fill the cracks completely. In 1 per cent, sodium hydroxide 
solution and in water storage the cracks were completely filled with 
reactioir product which appeared to have been converted to viscous 
liquid. 



(2) All mortars^ when changed to dry air, dried out slowly. The 
reaction product in cracks and in spaces occupied originally by opal 
particles, appeared to shrink considerably. 

(3) Cracks in mortars changed from moist air to 1 per cent, 
sodium hydroxide solution or to water became completely filled with 
reaction product. 

(4) Mortars changed from water to 1 per cent, sodium hydroxide 
solution and vice versa showed very little change. The reactive par- 
ticles in mortars originally stored in water appeared to be more com- 
pletely attacked and softer after storage in 1 per cent, sodium 
hydroxide solution. 

(5) Mortars originally stored in 1 per cent, sodium hydroxide 
solution or in water showed no change after storage in moist air. 

(6) All mortars retained in their original environments idiowed 
no apparent changes. 

(il) Losses from Mortars by Heating at 110®C. 

Some mortar blocks were made with non-reactive aggregate and 
some with reactive aggregate. These mortars, stored under the 
various conditions for periods up to 114 days, were heated in an 
electric oven for one hour at llO^C. 


Table 3. — ^Thb Percentage Losses prom Mortars at 110®C 


Afgregate 

Time after 
Fabrication 
(Days) 

Dry Air 

Moist Air 

Sodium 

Hydroxide 

Soln. 

(1 per cent.) 

Water 

Non -reactive 

1 

110 

110 

10-7 

10-8 


8 

5-9 

8-6 

9-5 

9'3 


21 

40 

8-0 

9*5 

9*4 


42 

31 

8*0 

9-2 

91 


77 

2*1 

7-6 

8*9 



114 

1-6 

7*6 

8-6 

8-8 

Reactive 

1 

11-0 

11-6 

11*3 

11*4 


8 

0*6 

8-2 

9-7 

9*5 


21 

41 

8*2 

10-3 

9*3 


42 

3-4 

8-3 

10-7 

9*6 


77 

2-4 

8-0 

10*7 

8*9 


114 

1-8 

8-2 

10-8 

9*4 


The results, which are shown in Table 3, indicate the relative 
amounts of imcombined water in each mortar. It is recognized that 
these losses are of oply qualitative significance since some combined 
hydrate water is lost at this temperature and carbon dioxide is ab- 
sorbed by the cement during heating. As all the losses at any given 
time should have an approximately constant error, the following 
conclusions concerning the amounts of uncombined water in mortar 
stored under the various conditions seem reasonable: — 

(1) The amount of uncombined water in mortar stored in dry air 
was much lower than that in mortar stored under other conditions. 
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(2) The amount of uncombined water in mortar stored in moist 
air was lower than that in mortar stored either in 1 per cent, sodium 
hydroxide solution or in water. The differences were comparatively 
small. 


(3) The somewhat high losses from reactive aggregate mortar 
when stored in 1 per cent, sodium hydroxide solution were probably 
due to the large quantity of water in the reaction product. 

(iii) The Behaviour of Alkalis in Mortar Stored in Water and 1 per 
cent. Sodium Hydroxide Solution 

Blocks of mortar, each weighing approximately 110 g., and of 
similar composition to those used in the experiments previously des- 
cribed, were stored in 250 ml. of each medium at room temperature. 
Some results indicating the behaviour of alkalis are shown in Table 4. 

Table 4. — ^The Amounts op Sodium and Potassium Hydroxides 
Found in Solutions in which Mortars were Stored 


Pre-treatment 

Time in 
Storage 

In Water 

In 1 per cent. Sodinm 
Hydroxide Solution 


Solntions i 
(Days) 1 

Non-reactive 

Aggregate 

Reactive 

Aggregate 

Non-reactive 

Aggregate 

Reactive 

Aggregate 

Mortars placed in storage 

NaOH ( 
Nil 

;g ./100 ml.) 
■0-0025 

0-0026 

1-0276 

1-0276 

solutions 20 hours after 

7 

0-0520 

0 0471 

0-9724 ! 

0-8976 

fabrication 

14 

0-0612 

0-0546 

1-0022 

1-0026 


28 

0-0788 

0 0693 

1-0276 

1-0663 


KOH (( 
NU 

;./100 ml.) 

1 Trace 

Trace 

Trace 

Trace 


28 

0-1424 

0-0740 

0-0360 

0-0600 

Mortars placed in storage 

NaOH ( 
7 

g./lOO ml.) 
0-0320 

0-0304 



Bolutions after 28 days 
storage in moist air 

KOH (i 
7 

5 ./IOO ml.) 

1 0-0466 

0-0326 




Conclusions are: — 

(1) Alkalis were lost from all mortars which were stored in water. 
Mortars which contained reactive aggregate lost slightly less alkalis 
than those which contained non-reactive aggreqrate. 

(2) After 28 days storage in water most of the alkalis were lost 
from the non-reactive aggregate mortar. During the same period 
most of the sodium hydroxide and about half of the potassium 
hydroxide were lost from the reactive aggregate mortar. 

(3) Mortar stored in 1 per cent, sodium hydroxide solution at 
first appeared to take up sodium hydroxide from the storage solution, 
but later seemed to lose it again. The latter effect is probably due 
to some of the gel being extruded from the mortar and dispersed in 
the storage solution as small amounts of silica have been detected in it. 
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(4) The rate at which potassium hydroxide was lost from mortar 
was decreased by storing in 1 per cent, sodium hydroxide solution. 

(iv) Tensile Strength Changes of Aforfars Stored under Various 
Conditions 

With the exception of the non-reactive rounded quartz sand from 
Paiinga, South Australia, which was substituted for Leighton 
Buzzard sand, the materials and mixtures were the same as those used 
in sections (i), (ii) and (iii).Test bars and briquettes were stored under 
each of the following conditions: (a) in dry air; (b) in moist air; (c) 
in 1 per cent, sodium hydroxide solution; and (d) in water. 

The relations between expansion and tensile strength of mortars 
at various ages stored under different conditions are shown in Table 5. 
Each recorded tensile strength, which is the mean of three deter- 
minations, is given to the nearest 10 lb. per sq. in. Differences 
between the maximum and minimum values vrithin each group of 
three were generally lower for mortars containing reactive aggregate 
(less than 60 lb. per sq. in.) than for those containing non-reactive 
aggregate (50-110 lb. per sq. in.). Chance differences in the test 
pieces and testing procedure seem to cause these variations. 


Table 5. — ^Thb Relations at Various Ages between Expansion and 
Tensile Strength op Mortars Containing Non-reacttve and 
Reactive Aggregates when Stored under I^pferent Conditions 


storage 

Time 

after 

Fabrication 

Non-reactive Aggregate 

Keactive Aggregate 

Expansion 

Tensile 

Stren^h 

Expansion 

Tensile 

BtrengUi 


days 

/o 

Ib./sq. in. 

0/ 

/o 

Ib./sq. in. 

In dry air . . 

1 

40-000 

120 

±0-000 

160 

6 


370 

-0016 

370 


15 


530 

-0-029 

330 


22 




330 


29 


470 

-0 052 

320 


36 

-0-083 

480 

-0 065 

330 


43 


510 

-0 069 

270 


67 


560 

-0 081 

290 


85 

-0121 


-0 092 

220 


113 

-0-137 

560 


230 


141 

-0-163 

530 

-0-137 

380 


169 

-0-187 

600 

-0-156 

260 


197 

-0-194 

590 

-0 164 

270 

In moist air 

1 

■jjMQQffljjjjj 



170 


6 


360 


350 


11 


370 


340 


16 


440 

0-057 

210 


23 

-0-004 

470 

0-183 

140 


30 

-0 008 

460 

0-310 

130 


44 

-0-007 

410 

0-617 

100 


58 

-0-004 

360 

0-837 

80 


86 


330 

1-059 

60 


114 


350 

1-244 

40 


142 


370 


70 


170 


440 

1-383 

70 


198 

-0-015 

410 

- • 
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Tabus 5. — ^Thb Relations at Vabious Acns bbtwiiiqt EIxpansion and 
Tbnbilb Stbbngth or Mobtabs Oontainino Non<bbactivb and 
RBACT tVB AdOBBOATBIS WHEN STOBBD UNDBB DIFTEBENT CONDITIONS 
— continued. 


Storage 

Time 

after 

Fid>rication 

Kon-reaetive Aggregate 

Eeactive Aggregate 

Expansion 

Tensile 

Strength 

Expansion 

Tensile 

Strength 


days 

% 

lb./8q. in. 

% 

Ib./sq. in. 

In 1 jper cent, sodium 

1 

^bSSIIaIB 

no 


130 

hydroxide solution 

6 

4-0*026 

370 

±0*007 

380 


11 

0*027 



190 


15 


420 




22 

0*036 

400 

0*218 

no 


29 

0*034 

370 

0*393 

150 


36 

0*036 


0*613 

150 


43 

0*038 

380 

0*677 

160 


57 


440 


180 


85 

0*043 

380 

0*824 

160 


113 

0*043 

430 

0*923 

170 


141 

0-044 

410 


200 


169 

0*037 

360 


150 

In water 

1 

±0*000 

160 

±0*000 

180 


6 

±0*002 

310 

±0*001 

300 


11 

0*006 

360 

0*016 

190 


15 

0*011 

340 

0*033 

120 


1 22 

0*013 

370 

0*097 

120 


1 29 

0*012 

380 

0*150 

no 


43 I 

0*016 

350 

0*219 

90 


57 

0*016 

340 

0*240 

no 


85 

0*018 

350 

0*262 

120 


113 

0*021 

330 

0*275 

90 


141 

0*021 

310 

0*279 

120 


169 1 

0*021 

360 j 

0*278 

130 


197 1 

0*022 1 

330 1 

0*280 

160 


Conclusions are: — 

(1) Mortars containing non-reactive aggregate neither expanded 
significantly nor showed any abnormal decreases in tensile strength 
during storage under any of the conditions used. 

(2) The expansions of reactive aggregate mortars were of the 
same order as those shown in Table 2. The tensile strengths of all 
these mortars decreased abnormally. 

Observations on the mortars showed: — 

(1) Mortars containing non-reactive aggregate developed neither 
reaction spots nor cracks. 

(2) Mortsurs containing reactive aggregate (ieveloped reaction spots 
smd cracks. 

(3) hi sill storage conditions, cracks, which were associated with 
reacted aggregate particles, were first observed six days after fabrica- 
tion, when mortar expansions were less than 0-01 per cent. These 
cracks, * which were ^ort and fine when first observed, lengthened 
and widenied as the opal particles reacted and expanded. 

Other observations confirmed those given in section (i). 
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4. DbciKskm 

It will be shown in later papers that expansion depends (other 
things being equal) on three variables, namely, the relative amounts 
oi alkalis, reactive material, and uncomblned water. Mortars stored 
in dry air and in moist air differ in their amounts of imcombined 
water; those stored in alkali solutions and in water contain larger 
amounts of uncombined water than those stored in dry air and in 
moist air. The alkali contents of mortars stored in dry air and in 
moist air remain constant whereas those of mortars stored In alkali 
solutions and in water can undergo significant changes. It Aould 
be remembered that the following discussion only concerns small 
mortar test pieces. It is probable that only the surface layer of large 
concrete specimens or structures would be similarly affected by en- 
vironmental conditions. 

Depending on the amount available, uncombined water has 
two opposing actions on the expansion of reacting opal. 
Firstly, the volume of a reacting opal particle increases as it 
absorbs water. Consequently, within certain limits, mortars should 
expand by amounts depending on their uncombined water contents. 
Secondly, as reacting opal absorbs water, the properties of the reac- 
tion product change from those of a solid (gel) to those of a liquid 
(sol). The sol has a negligible expansive effect compared with the 
gel. Thus, for mortars which contain large amounts of uncombined 
water, the change in properties of the reaction product is rapid and 
expansions are not as high as those of mortars which contain normal 
amounts of imcombined water. 

Provided the concentration of alkalis in the storage water or solu- 
tion is lower than that in the solution m the mortar, alkalis will 
diffuse from the mortar into the surrounding medium. Thus small 
mortar specimens stored in water are unlikely to expand excessively 
as the amount of reaction product formed is small because of the 
decrease in the amount of alkalis available for reaction. Further- 
more, since the amount of available water in the mortar is high the 
reaction product should form a sol rather than a gel. 

When the storage medium is a sodium hydroxide solution 
(potassium hydroxide solution should behave similarly) sodium and 
hydroxyl ions will pass into or out of the mortar, depending on 
whether the concentration of these ions in the storage solution Is 
greater or less than that in the solution in the mortar. If the concen- 
trations of ions in the storage solution and mortar solution are 
approximately equal, opal will be attacked at a rate equivalent to that 
in mortars stored in moist air. It does not follow, however, that 
mortars stored in alkali solutions will expand at a rate equivalent to 
those stored in moist air since in the former large amoimts of un- 
combined water are available for absorption by reacting opal, and the 
reaction product i^ould form a sol rather than a geL 

A feature of reactive aggregate mortars when stored in water or 
1 per cent, sodium hydroxide solution is that some of the reaction 
product is deposited as a cloudy gel on the mortar surfaces, but 
since these cloudy gels, which are very soft, are unlikely to expand 
the mortar, they not be considered further here. 
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All mortars which contained reacted aggregate particles were 
cracked, although the expansions of those stored in dry air were 
negative. These observations indicate that mortar deterioration can- 
not always be detected by loigth changes of test bars. Tensile 
strength changes, however, revealed that all mortars containing 
reacted aggregate had deteriorated. 

Cracks produced in mortars stored in moist air, in 1 per cent, 
sodium hydroxide solution, and in water were caused by the reacting 
particles exerting disruptive swelling pressures on the mortar and 
not by drying shrinkage, since the cement in these mortars retained 
much of their excess mixing water. In mortars stored in dry air 
cracks and reduction in tensile strength were due to the combined 
effect of the slight swelling of reacted particles caused by the absorp- 
tion of some water and of the shrinkage of hydrated cement as it 
lost water. Since these are opposing actions, the resultant cracking 
is equivalent to that produced by a slightly greater swelling of reacted 
particles in a similar mortar in which the cement does not shrink 
abnormally (i.e. mortars stored in moist air). 

5. Summary of Conclusions 

(i) Absorption of water by reacting opal particles caused mortar 
expansion. Removal of uncombined mixing water from mortar in- 
hibited expansion. 

(ii) Cracks, associated with reacted opal particles, were observed 
in mortars stored under all conditions used. 

(iii) Cracks reduced the tensile strength of all reactive aggregate 
mortars. 
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NOTES 


Australian Journal of Scientific Research” 

In collaboration with the Australian National Research Council, 
C.S J.R. has completed arrangements for the establishment in Australia 
of a new Journal, as a medium for the publication of research papers 
of outstanding merit, open to receive contributions from research 
workers irrespective of the organization to which they are attached* 

The Journal, to be known as the Australian Journal of Scientific 
Research, will be printed in two series, both to be issued quarterly in 
the first instance. It is expected that the first number of Series A 
(Physical Sciences) will be issued in March 1948, and the first number 
of Series B (Biological Sciences, including agriculture) in February 
1948. 

Dr. N, S. Noble has been appointed as Editor and is stationed at 
Head OflSce. Editorial policy will be decided by an Editorial Board 
under the Chairmanship of the Editor and comprising as members 
Professors W. J. Dakin, E. J. Hartung, L. H. Martin, and J. G. Wood. 

It is intended to maintain a high standard of quality by adhering 
to a strict refereeing system, and while members of the Board may 
referee some papers themselves, it is intended that where necessary 
the services of outside referees will be called upon. It is obvious that 
there can be no absolute standard of quality, but, as a general guide, 
the Board has decided that papers to be acceptable for publication in 
the new Journal should be of such a quality that they would be 
acceptable to specialist journals overseas. 

It is intended that the CounciFs Bulletin series will continue, and 
that the present C.S.I.R. Journal will be issued throughout 1948 at 
least. 

Papers intended for the new journal should be submitted to Dr. 
Noble at the Council’s Head Oflice, 314 Albert-street, East Melbourne. 


The United Nations Educational, Scientific and Cultural Organization 

The present fashion for the extensive use of initials may well cause 
difficulties for students of philology in years to come. The growth of 
the United Nations and its satellite organizations has produced a heavy 
crop of new symbols representing the complicated, high-sounding titles 
of various new bodies. During November, the annual conference of 
UNESCO will be held at Mexico City, and in recent months there have 
been various references in the daily Press to this body. What is 
UNESCO? What are its aims and objects? How does it function? 
What is its significance to Australians and, in particular, to Australian 
scientists? The purpose of this article is to give a brief description 
of its history, its present organization and activities, and its plans for 
the future. 

'The United Nations Educational. Scientific, md Cultural Organiza- 
tion is one of the specialized agencies of the United Nations, reporting 
directly to the Economic and Social Council. It grew out of the 



Conference of Allied Ministers of Education which met in London at 
regular intervals 1942 to 1945 to plan for the reconstruction of 
the educational facilities of occupied Europe. It soon became clear 
that the problems in this field whidi would await solution when victory 
was acdileved would be enormous, and it was thought that an inter- 
national organization for education would be desirable. The planning 
of such an organization to undertake the reconstruction of educational 
and cultural facilities in Europe was therefore commenced, and the 
work was stimulated by the discussions at San Francisco in 1945 when 
the United Nations Charter was drawn up, and it was agreed that the 
promotion of international cultural and educational cooperation should 
be an objective of the United Nations. Following on this, the British 
and French Governments invited all Governments of the United Nations 
to be represented at a Conference in London in November 1945 to 
establish an appropriate international body. 

Forty-four Governments were represented at this Conference, and 
it was agreed that a United Nations Educational, Scientific, and Cul- 
tural Organization should be established. (The original proposfd had 
been for a United Nations Educational and Cultwal Organization; the 
inclusion of the word Scientific in the title was agreed to at the 
Conference largely as a result of the missionary efforts of Dr. Joseph 
Needham, F.R.S., who, during the time he was in charge of the Sino- 
British Scientific Cooperation OflQce in Chungking, had campaigned 
vigorously for greater organization in international scientific co- 
operation.) 

The purposes and functions of UNESCO, as defined briefly in the 
final act of the Conference, are as follows: — 

“. . . to contribute to peace and security by promoting collabora- 
tion among the nations through education, science, and culture in 
order to further universal respect for justice, for the rule of law, and 
for the human rights of the world, without distinction of race, sex, 
language, or religion, by the Charter of the United Nations.” 

Its functions are: (o) to collaborate in the work of advancing 
mutu 2 d knowledge and understanding of peoples, through all means 
of mass communication: ( 6 ) to give fresh impulse to popular education 
and to spread culture; and (c) to maintain, increase, and diffuse 
knowledge. But " with a view to preserving the independence, 
integrity, and fruitful diversity of the cultures and educational systems 
of the States members of UNESCO, the Organization is prohibited 
from intervening in matters whi<* are essentially within their 
domestic jurisdiction.” These are wide and ambitious functions! 

The Organization envisaged by the Conference consists of a General 
Conference, an Executive Board, and a Secretariat. A Preparatory 
Commission was also set up by the Conference to make detailed 
arrangements for the establishment of the Organization. Sir Alfred 
Zlmmem, formerly Professor of International Relations at Oxford, 
was appointed as Secretary-General of the Preparatory Commission, 
and on his resignation he was succeeded by Dr. Julian Huxley, the 
eminent blolc^St. The Preparatory Commission met in June 1946, 
and at the first <Seneral Conference in Paris in November 1946 UNESCO 
pflmo formally into being, with its headquarters in Paris. 
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The Organization has thus been in existence just over a year, during 
which time progress has been made in the building up of its Secretariat 
and in the planning and initiation of its activities. The cumbersome 
structure of international organizations, which seems inescapable when 
a large number of separate nation States attempt to cooperate, tends 
to attract undue attention to constitutions, acts, and organizational 
arrangements at the expense of the actual work being undertaken. 
UNESCO is no exception, but let us attempt to examine what the 
Organization is actually doing or proposing to do. 

Apart from organizational difficulties, its activities are obviously 
limited by its budget. The General Conference in Paris agreed to a 
total budget for the ciwrent year (1947) of $6,950,000. Of this, how- 
ever, $950,000 was to meet costs incurred prior to 1947, leaving 
$6,000,000 for UNESCO activities in 1947, not a very large sum for 
such high functions. The programme finally adopted by the Executive 
Board falls into two main groups of activities: — 

(a) Four large-scale projects of a comprehensive nature, 

(b) Specialized activities within the fields of education, science 

and culture. 

In the first group comes the reconstruction and rehabilitation of 
educational, scientific, and cultural life in countries devastated by 
war, a project of great urgency in Europe and parts of Asia — an 
urgency which it is hard to grasp in Australia which has emerged 
from the war physically unscathed. Active field work in this project 
is at present being undertaken in Czechoslovakia, Greece, Poland, and 
Yugoslavia, as well as in Italy and Austria. In cooperation with other 
agencies and organizations a world-wide campaign is in progress for 
the collection of contributions in money, materials, and services for 
distribution in the devastated areas. 

The second large-scale project has the ambitious and long-range 
object of teaching the illiterates of the world (who number more than 
one-half of its population) to read and write, and simultameously cam- 
paigning for provision of a basic minimum of education for all the 
peoples of the world. Linked with this is the third project, that of 
education for international understanding which is of a continuing 
character seeking to stimulate and assist the active study of inter- 
national relations in aU countries. 

The fourth large-scale project is definitely a scientific one, consisting 
of a far-reaching programme of research into the needs and possibili- 
ties of the vast forested Amazon area, which comprises four million 
square miles in the heart of the South American continent. A team 
of scientists making preliminary investigations includes a tropical 
botanist, an expert on tropical diseases, and two anthropologists. Con- 
versations are being* held with the (Governments of Brazil, Bolivia, 
Colombia, Ecuador, Peru, Venezuela, Great Britain, France, the Nether- 
lands, and the United States to examine the possibilities of establishing 
an International Research Institute at the mouth of the Amazon River. 

So much for the large-scale projects. The specialized activities 
within the fields of education and culture can only be mentioned here. 
They include a study of educational techniques, the coordination, 
standardization, and Improvement of educational statistics, a study 
of the tensions affecting international understanding, a preliminary 
<!fiidv of the International asnects of nhilosonhv and humanlotie ctndiec 



as they are related to UNESCX)’s objectives, projects in the fields of 
literature and the theatre, music and the visual arts, studies of the 
needs and resources of libraries and museums, and studies on the use 
of mass communication media — films, radio, and the press. 

Natural sciences play a major role in the reconstruction and 
rehabilitation project, particularly in relation to scientific and technical 
schools, colleges, universities and research institutes in war-devastated 
areas. The major activity being undertaken, however, is the establish- 
ment of Field Science Cooperation Offices in parts of the world which 
are remote from the main centres of science and technology. The 
object of these offices is to facilitate contact between scientists and 
technologists in various parts of the world, to assist in the solution 
of problems of scientific literature, translation, and reprints, and to 
assist the exchange of scientific men in the areas concerned. Tliey will 
also serve as reception and distribution centres for scientific infor- 
mation, particularly of problems indigenous to the region. In addition 
to the office already established in the Hylean Amazon (at Rio de 
Janeiro) two more offices are located in the Far East and the Middle 
East. It is hoped to set up an office in Southern Asia in 1948. 

The Natural Sciences Division of UNESCO is also engaged on a 
study of scientific documentation and scientific work of international 
significance. It is collecting information on scientific apparatus and 
scientific cinema films, is preparing a world register of scientists, and 
is investigating means of facilitating the travel of scientists throughout 
the world. It is also providing assistance for the already established 
International Scientific Unions, in an attempt to stimulate their activi- 
ties by removing some of the factors which have hindered their work 
in the past. Office accommodation and secretarial staff for the Inter- 
national Council of Scientific Unions has been provided at UNESCO 
House in Paris. 

From this necessarily sketchy outline of UNESCO activities it will 
be seen that the Organization is definitely attempting a number of 
practical tasks within the framework of its objectives; indeed some 
criticism has already been voiced that it is attempting to do too much 
and that it would be better if it concentrated its activities, in the first 
instance at any rate, on a smaller number of projects. Whether or not 
this criticism is justified remains to be seen. Much will depend on the 
calibre of the staff recruited and on the support given by member 
States to its activities whether this ‘‘ magnificent experiment in inter- 
national understanding succeeds. The most notable absentee from 
the list of members is the U.S.S.R., but most other members of the 
United Nations have joined. It is interesting to note that UNESCO is 
not the first attempt at international cooperation in the cultural field, 
as the League of Nations established an International Institute of 
Intellectual Cooperation, with many of its objects similar to those of 
UNESCO. This organization did not flourish, however. The main 
reasons for its failure would appear to have been lack of financial 
resources and also the fact that it was insufficiently executive and 
practical. The proposed organization for UNESCO should avoid the 
latter difficulties. Whether the first difficulty can be avoided will 
depend on the support which the member States are prepared to give it. 

UNESCO has recommended that in each member State there should 
be National Cooperating Bodies to maintain liaison between it and 
the coimtry concerned. In Australia, the formation of such bodies 
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has been entrusted to the Commonwealth Office of Education. This 
office is the pivot in AustraHa for all UNESCO activities and, as 
UNESCO develops its work, more and more information should be 
available. It is hoped that all scientists in Australia and others 
interested in UNESCO's work will be prepared to support the activities 
of the National Cooperating Bodies in as practical a way as possible, 
by providing publicity for the work of UNESCO. This should then 
help to ensure the Organization’s success, by enabling the individual 
to take an active interest in, and give support to, its activities. 


Prevention of Deterioration Abstracts ” 

The National Research Council of the National Academy of Sciences 
(Prevention of Deterioration Center, Room 204), 2101 Constitution- 
avenue, Washington, D.C., can now offer the Prevention of Deteriora- 
tion Ahatracts on a yearly subscription basis. These Abstracts £ire set 
up under the following headings: biological agents; electrical and 
electronic equipment; fungicides and other toxic compounds; JAN 
Deterioration Prevention Committee; lacquers, paints and varnishes; 
leather; lubricants; metals; miscellaneous; optical instruments and 
photographic equipment; packaging and storage; plastics, resins, 
rubbers, and waxes; textiles and cordage; wood and paper. Items 
abstracted include journal articles, patents, specifications, unpublished 
reports prepared by various Army, Navy and other governmental 
groups, and impublished British, Australian, and Canadian reports. 

There will be approximately 1,500 pages of the Abstracts per year. 
The individual abstracts are in loose leaf form, so that they may be 
arranged in the manner desired by the individual receiving them. 
Throughout the calendar year, all the abstiacts classified under any 
one heading will be numbered consecutively. 

Comments made by the personnel of the Prevention of Deterioration 
Center are added to many of these abstracts. In the comments attempts 
are made to relate a specific report with other relevant ones, to evaluate 
reports, or to make suggestions concerning further needed research. 

The price, which includes two binders and index guides, will be 
$37.50 per year. Two binders are required for one year’s subscription. 
The fiscal year will be from July 1 to June 30. The Abstract series 
started in April 1946 and back issues may be obtained at the regular 
subscription price. 


Reviews 

** Advances in Grassland Husbandry and Fodder* Production: 

Second Symposium.” 

(Bulletin 38 of the Imperial Bureau of Pastures and Field Crops, 
Aberystw^h, Wales, June 1947. 84 pp. Price 6s. (sterling). Obtainable 
from the Central Sales Branch, Imperial Agricultural Bureaux, Penglais, 
A^rystwyth, Wales.) 

Bulletin 32 was the first sjonposium in this series. The two bulletins 
are akin to the earlier ” Herbage Reviews ” series. 

The bulletin opens with four articles and the remainder of the 
” symposium is a series of summaries, in some instances lengthy, of 
eleven papers and reports of diverse origin and objective. 
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The first article on objectives in veld investigations in Southern 
Rhodesia by West and Rattray gives an excellent appreciation of the 
problems of veld management and the techniques to be used in the 
investigations. The similarity of environment to coastal and sub* 
coastal Queensland gives added interest to the Austridian reader. 
A short article on the economics of ley farming by A. W« Ashby follows. 
This is mainly of local interest. Professor Travin’s discussion on 
“Formation of Plant Species” is an aspect of geo*botany which is 
not commonly included in an agricultural botany publication. Travifi 
deduces a correlation between the process of species formation and 
seismic and volcanic activity and associates new species formation 
with regions of yoimg geo-synclines. The statistical data presented 
are not particularly convincing. The fourth article is on “Forage 
production in Switzerland” — a translation by Miss Roseveare from 
the German by Alfred Kauter. This article traces the intensification 
of cropping and sown pastures for a period of ten years including the 
war period, largely because of the urgency of increasing home food 
production. The methods adopted included intensive extension work 
and some measure of compulsory ploughing and cropping. 

The summaries of papers follow and include two of Australian 
origin, Schofield's study of coastal pastures at South Johnstone, 
Queensland, and Andrew’s report on pasture investigations in Victoria 
during 1944/45. The other nine summaries are on a Scottish method 
of grasslmd improvement, agricultural seed production as a new 
industry in Welsh farming, grassland research and advisory work in 
Sweden, birdsfoot trefoil as a forage legume, hay dehydration in the 
south-western United States, U.S. Regional Pasture. Research 
Laboratory, weeds in Fiji, pastures and fodder plants in Sierra Leone, 
and land resources of Tripolitania. 

The subjects of this bulletin are both interesting and valuable but 
it is scarcely a symposium; rather is it a review. 

J. G. D. 


“ Chemical Composition op Plants as an Index op Their 
Nutritional Status.” 

By D. W. Goodall, Ph.D., D.I.C., F.L.S., and F. G. Gregory, D.Sc., F.R.S. 

(Technical Communication 17 of the Imperial Bureau of Horticulture 
and Plantation Crops, East Mailing, Kent, England, July, 1947. Pp. 167, 
bibl. 936. Price 9s. (sterling). Obtainable from Imperial Agricultural 
Bureaux, Central Sales Branch, Penglais, Aberystwyth, Wales.) 

This communication may be divided roughly into three parts, which 
deal respectively with (i) theoretical aspects of the relationship of 
yield to nutrition supply, and the effect of this on concentration of 
nutrients in the plant; (ii) detailed consideration of the methods and 
techniques of plant sampling and analysis, their application, and the 
possible interpretations of the results; (iii) the comparison of plant 
analysis with field trials, soil analysis, and the use of deficiency 
symptoms as methods of nutritional diagnosis. , 

I 

The publication ^ould be of considerable assistance to the present- 
day wofksr on plant problems who must decide such questions as: 
Are field trials or pot cultures most suitalde? Will the ssonptoms 
revealed by plant injection tell a sufficient story or must they be 



badcBd by soil analysist and if soil analysis is used, are chemical or 
biological methods preferable? Will observation of weed flora or of 
obvious deflciency symptoms give the final answer or can that be 
revealed only by determination of the most minute trace element In 
the plant? What have the hundreds of previous workers with their 
Oiflerrait methods and different techniques adiieved? What is tiie 
lesson of their experience? What do their data signify? 

In addition to the comprehensive bibliography of over 900 entries, 
subject and author indexes are provided. 


Recent Publications of the Council 

Since the last issue of this Jourrud, the following publications of 
the Council have been issued: — 

BvJletin No. 202. — “ The Strain Complex and Symptom 
Variability of Tomato Spotted Wilt Virus,” by D. O. Norris, 
M.Sc. (Agric.). 

The great variation in symptoms produced by the spotted wilt virus 
has puzzled plant pathologists since the disease was first studied. 
The present work demonstrates that most of the variability within 
any one species is, in fact, due to the virus being not an entity but 
a complex of closely related strains. This is the fundamental cause 
of variation, but environment plays an important subsidiary part. 
There are at least five distinct strains, with symptoms varying in 
severity from a barely distinguishable mottle to complete necrosis. 

A pzuticular tomato plant may be infK'ted by just one of these 
strains or by several different ones although commonly all five are 
present, the symptoms depending upon which strain predominates. 
The most severe strain, called the “ tip-blight " strain, sometimes 
occurs on its own, when it produces a disease so severe that the young 
growing part of the plant is rapidly killed. 

The tomato normally encourages the severe strains of the virus 
to multiply, but it might prove practicable to evolve a variety of 
tomato which would encourage only the milder strains of virus, thus 
reducing the severity of the disease to a point where it scarcely affects 
the yield. 

Budetin No. 206. — “ Pedogenesis Following the Dissection of 
Lateritic Regions in Southern Australia,” by C. G. Stephens, 
M.Sc. 

nils Bulletin deals with the genesis and relationships of soils 
found in the various lateritic reifions of southern Australia. It is 
shown that the different soils in any such region are related to the 
various horizons of the original lateritic soil and its parent rock. 
In addition it is demonstrated that parallel relationships exist betweoi 
the soils and the original lateritic soil profile for all regions. These 
relationships are discussed for a number of areas where soil surv^s 
have been carried out, and a diagram illustrating the coimexion of 
the various named soil types and other features with the lateritic 
profile and with one another is presented. The diagram provides a 
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key to the interpretation of the soil and topographical pattern in 
lateritic regions in southern Australia and hence is of Importance in 
ensuring soimd soil survey procedure and in relating such surveys to 
fertility aspects of agricultural production in the areas concerned. 

BiMetin No. 218. — “ Studies of the Physiology and Toxicology 
of Blowflies. 12. Hie Toxicity of DDT as a Contact and Stomach 
Poison for Larvae of Lucttia cuprina. 13. Insectary Tests of 
Repellents for the Australian Sheep Blowfly,” by D. F. Water- 
house, M.Sc. 

Tests described in this Bulletin show that, although DDT is not 
a particularly effective contact insecticide against prepupae, it is highly 
toxic in low concentrations when ingested, particularly by young 
larvae. It did not appear to produce any of the symptoms of nervous 
system distress which are so typiced of its effect on adult blowflies 
and many other insects. The results indicate that if DDT were incor- 
porated in a blowfly dressing it would be highly toxic to newly hatched 
larvae but older larvae would be less affected and eggs not at all. 

In the tests of repellents, various essential oils and other materials 
were applied to sheep in an insectary to test their efflciency in pre- 
venting oviposition by Lucilia cuprina. The test materials were applied 
in a ring around cotton wool plugs, which had been soaked in an 
attractive solution and tied in the fleece. The repellent effect of Ceylon 
citronella oil was conflrmed, but Java oil was not repellent. The oils 
of Zieria amithii and Huon pine were repellent, while oils from the 
leaf and wood of white cypress pine were ineffective. Of five eucalyptus 
oils, three were not repellent and two were attractive. Chemically 
pure oleic acid was repellent, while a commercial grade was not. 
Two materials containing indalone were effective repellents, as were 
also dimethyl phthalate and 612. 

"The Commercial Timbers of Australia — ^Their Properties 
and Uses,” by I. H. Boas, M.Sc. 

This book is divided into two ptu-ts. The first deals with the general 
technology of the timbers and discusses wood structure, including 
various forms of timber defect, the mechanical and physical properties 
of timbers, methods of seasoning, presejrvative treatment and dura- 
bility, the bending of wood, grading, veneer and plywood, improved 
wood, the manufacture of paper from Australian hardwoods, and 
Australian essential oils. 

The second part of the book lists the individual timbers, and gives 
the characteristics of each, including their density, the amount of 
shrinkage that can be expected, their durability, the seasoning required, 
main uses, and the availability of the timber. To aid in the selection 
of suitable timbers for specific purposes, the articles for which wood 
is commonly used are listed and the timbers that can be employed 
for each are given. A comprehensive bibliography dealing with Aus- 
tralian timbers is included, and the whole book has been carefully 
indexed. ' 

(This book is not being distributed by CJSJ.R., but copies are 
obtainable from Tait Book Co. Pty. Ltd., 349 Collins-street, Melbourne. 
Price 12s. 6d., postage 8d.) 
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Porthcomiag Publications of the Council. 

At the present time, the following future publications of the 
Council are in the press: — 

Bulletin No. 210. — “ Preliminary Survey of the Natural Pastures 
of the New England District of New South Wales, and a General 
Discussion of Their Problems,*' by R. Roe, B.Sc. (Agric.). 

Bulletin No. 212. — “The Frictional Properties of Lead-Base and 
Tin-Base Bearing Alloys: The Role of the Matrix and the Hard 
Particles,** by D. Tabor, Ph.D. 

Bulletin No. 213. — “ Laboratory and Field Tests of Mosquito 
Repellents,** by R. N. McCulloch, B.Sc., B.Sc.Agr., and D. F. Water- 
house, M.&. 

Bulletin No. 214. — “ The Preparation and Properties of Synthetic 
Cryolite,** by P. Dixon, M.Sc., and T. R. Scott, M.Sc. 

Bulletin No. 215. — “ Studies in the Biology of the Skin and Fleece 
of Sheep.^ 4. The Hair Follicle Group and its Topographical 
Variations in the Skin of the Merino Foetus,** by H. B. Carter, B.V.Sc., 
and Margaret H. Hardy, M.Sc. 

Bulletin No. 216. — “An Examination of the Peet-Grady Method 
for the Evaluation of Household Fly Sprays,** by D. F. Waterhouse, 
M.Sc. 

Bulletin No. 219. — “ Spray Tests against Adult Mosquitoes. 
1. Laboratory Spray Tests with Culicine {Culex fatigans) Adults,** by 
D. F. Waterhouse, M.Sc. “ 2. Spray Tests with Anopheline (Anopheles 
punctualatus farauti) Adults,’* by D. F. Waterhouse, M.Sc., and 
D. O. Atherton, M.Sc.Agr. 

Bulletin No, 220. — “ The Preparation and Use of Harvey’s Reduced 
Strychnine Reagent in Oceanographical Chemistry,** by D. Rochford, 
B.Sc. 

Bulletin No. 221. — “Contributions to the Study of the Cell Wall. 
4. The Nature of Intercellular Adhesion in Delignified Tissue. 5. The 
Occurrence, Structure, and Properties of Certain Cell Wall 
Deformations,** by A. B. Wardrop, M.Sc., and H. E. Dadswell, D.Sc. 

Bulletin No. 222. — “ The Chaetognatha of South Eastern Aus- 
tralia,** by J. M. Thomson, M.Sc. 

Bulletin No. 223. — “ Report of Marine Borer Survey in New 
Guinea Waters,** by A. W. Shillinglaw, B.Sc., Dip.For., and D. D. 
Moore, B.Sc., A.S.T.C. 

Bulletin No. 225. — “Studies on the Control of Wheat Insects by 
Dusts. 1. Field Tests of Various Mineral Dusts against Grain 
Weevils,’* by F. J. Gay, B.Sc., D.I.C., F. N. Ratcliffe, B.A., and R. N. 
McCulloch, B.Sc,, B.Sc.Agr. “2. Further Tests of Various Mineral 
Dusts for the Control of Grain Pests,** by F. J. Gay, B.Sc., D.I.C. 
“ 3. The Use of Dust Barriers for the Control of Grain Insects,” by 
P. J. Gay, B.Sc., D.I.C. “ 4. The Use of DDT- and 666- impregnated 
Dusts for the Control of Grain Pests,” by F, J. Gay, B.Sc., D.I.C. 
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BvUetin No. 226. — “ An Ecological Study of the Australian Plague 
Locust (.OhortoicetOB terminifera Walk.) in the Bogan-Macguarie 
Outbreak Area, N.S.W.,” by L. R. Clark, M.Sc. 

BvUetin No. 227. — “ Studies on Perennial Vddt Grass (Ehrharta 
oalycina Sm.),” by R. C. Rossiter, B.Sc.(Agrlc.). 

BvUetin No. 228. — “ Ecological Observations on the Small Plague 
Grasshopper, AvstroiceteB cruciata (Sauss.), in the Trangie District, 
Central Western New South Wales,” by L. R. Clark, M.Sc. 

BvUetin No. 229. — “ Studies in Cement-Aggregate Reaction. 
I. — ^Australian Aggregates and Cements,” by A. R. Alderman. DBc., 
PhJ>., A. J. Gaskin, M.Sc., R. H. Jones, B.Sc., and H. E. Vivian, 
B.Sc.Agr. ” n. — ^The Effect of Alkali Movement in Hardened Mortar,” 
by H. E. Vivian, B.Sc.Agr. “ m. — ^The Effect of Void Space on Mortar 
Expansion,” by H. E. Vivian, B.Sc.Agr. "IV. — ^The Effect of 
Expansion on the Toisile Strength of Mortar,” by H. E. Vivian, 
B.ScJl.gr. “V. — ^The Effect of Void Space on the Tensile Strength 
Changes of Mortar,” by H. E. Vivian, B.Sc.Agr. “VI. — ^The Effect 
of Carbon Dioxide,” by A. J. Gaskin, MJSc. 

BvUetin No. 230 . — “ The Preparation and Properties of Aluminium 
Fluoride,” by T. R. Scott, M.Sc. 

BvUetin No. 231. — “Mint Weed, Salvia reftexa Homem. Present 
Distribution and Status in Australia,” by R. Roe, B.Sc.(Agric.), and 
N. H. Shaw, B.Agr.Sc. 

BvUetin No. 232. — “ Guide to the Medicinal and Poisonous Plants 
of Queensland,” by L. J. Webb. 

BvUetin No. 233. — “A Soil Survey of the Hundred of Seddon 
and Part of the Hundred of MacGillivray, Kangaroo Island, South 
Australia, including also Portions of the Hundreds of Cassini and 
Duncan,” by K. H. Northcote, B.Agr.Sc., and B. M. Tucker, B.Sc. 

BvUetin No. 234. — “ Mineral Deficiency in Plants on the Soils of 
the Ninety-mile Plain in South Australia. Part 2,” by D. S. Riceman, 
M.Sc., BAgr.Sc. 

BvUetin No. 239. — “The Algal Genus QracUaria in Australia,” 
by Valerie May, M.Sc. 

“ Handbook of Australian Pelagic Tunlcates,” by Harold Thompson, 
M.A., D.Sc. 
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State Committees of Council, 

Hew South Wales — 

A. J. Gibson, M.K. (Chairman) . 

Professor Sir Henry E. Baiiaclough K U K. V.D., B.K , M M.E. 

Sir Harry Brown, C.M.G., M.B.E. 

Professor W. J. Dakin, D.Sc. 

Professor J. C. Earl. D.Sc., Ph.D., F.R.l.C. 

W. R. Hebble white, B.E. 

L. J. Jones. 

Hon. Sir Norman W. Kater, M.L.0.> M.B., Ch.M. 

Sir Frederick McMaster. 

Professor Sir John Madsen, B.E., D.Sc. 

J. Merrett. 

R. J. Noble, B.Sc.Agr., M.Sc., Ph.D. 

R G. C. Parry OKeden. 

J. G. Peake. 

A, K. Penfold, F.lLl.C. 

Professor J. D. Stewart, F.R.C.V.S., B.V.Sc. 

E. H. F. Swain, Dip. For. 

J. P. Tivey, B.A., B.Sc., B.E. 

W. L. Waterhouse, M.C., D.Sc.Agr., D.T.C. 

Professor R. D. Watt, M.A., B.Sc. 

C. M. Williams. 

A M. Andrews, Room 507, Phillip House. 110 Phillip 
^ Street, Sydney (Secretary). 

^'ietoria — 

Professor E. J. Hartung, D.Sc. (Chaiiman) . 

R. S. Andrews, B.Sc. 

W. Baragwanath. 

N. K. S. Broaribb, C.B.E., F.R.l.C. 

Professor F. M. Burnet, M.D., Ph.D., F.R.S. 

M. T. W. Eady. 

Sir Herbert W. Gepp. 

Professor J. N. Greenwood, D.Sc., M.Met.E. 

Russell Grimwade, C.B.E., B.Sc. 

H. Herman, D.Sc., M.M.E., B.C.K. 

G. G. Jobbing. 

Sir Dalziel Kelly, LL.B. 

G. Lightfoot, M.A. 

H. A. Mullett, B.Agr.Sc. 

N. Taylor, B.Sc., F.R.l.C. 

Professor J. S. Turner, M.A., Ph.D., M.Sc. 

Profesaor S. M. Wadbam, M.A., Dip. Agr. 

W. E. Wainwright, A.S.A.S.M. 

L, J. Weatherly, M.A. 

Professor H. A, Woodruff, B.8c., L.R.C.P., M.R.O.S., HJL0.V.S. 

F. G. Nicholls, 314 Albert Street, East Melbourne (Seoretory)* 
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Mouth AustroHa — 

Professor Sir Kerr Grant, M.Sc. {Chavrma/n) . 

A. J. Allen. 

A. R. Callaghan, B.Sc., B.Sc.Agr., D.Phil. 

G. E. Chapman, F.R.I.C. 

8. B. Dickinson, M.Sc. 

T. E. Fiel4 

J. H. Gosse. 

C. Haselgrove. 

Professor T. H. Johnston M.A., D.Sc. 

W. S. Kelly. 

H. R. Marston. 

Sir Douglas Mawson, O.B.E., D.Sc., B.E., F.R.S. 

Professor M. L. Mitchell, M.Sc. 

F. W. Moorhouse, M.Sc. 

F. T. Perry. 

Professor J. A. Prescott, D Sc. 

S. B. Shield, A.S.A.S.M. 

W. J. Spafford, R D.A. 

L. K. Ward. B.A., B.K.. D.Sc. 

J. G. Wood, D.Sc., Ph.D 

J. Ward Walters, Animal Nutrition laboratory. University 
of Adelaide ( Secretary ) . 

Queensland — 

K. J. Donaldson, D.S.O., B.C.K. {Cha^t man) . 

Professor H. Alcock, M A. ' 

S. F. Cochran. 

Professor E. J. Goddard, B.A., D.Sc 

V. G. Orenning. 

J. B. Henderson, O.B.E , F.R.I.C. 

Professor T. G. H. Jones. D.Sc. 

Professor D. H. K. Leo, M.Sc., M.D 
J. Mc(’ann. 

A. McCulloch, M.E. 

W. M McLean. 

J. F. Meynink. 

Professor T. Parnell, M.A. 

Profe.ssor H. Richards, D.Sc. 

R P. M. Shoit. 

H. C. Urquhart, M.Sc. 

R. V’eitch, B.Sc.Agr., B.Sc.For. 

Miss H. F, Todd, 113 Eagle Street, Brisbane {Secretary), 

Western Australia — 

P. H. Harper, B.A. {Chairman) , 

G. K. Baron>Hay, M.C., B.Sc,(Agric.). 

Professor N. S. Bayliss, B.A,, B.Sc,, Ph.D. 

H. Bowley. 

F. G. Brinsden. 

W. G. Burges. 

Professor E. De Courcy Clarke, M.A. 

Professor G. A. Currie, D.Sc., B.Agr.Sc. ' 

A. L. B. Lefroy. 

£. H. B. Lefroy. 

B. Meecham. 

Professor G. B. Nicholls, D.Sc. 

L. W. Phillips, M.Sc., M.Ed. 

Professor A. D. Ross, MA.., D.Sc. 

T, N, Stoate, hlSo., Dip. For. 

G. L. Sutton, D.ScAgr. 

R. B. Williamson. 

R. Pk Roberts, c/o Department of Agriculture, Perth, WA. 

iSeareiary), 
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Tasmania — 

F. H. Foster, B.G.E. {Chairman)^ 

L. R. 8, Benjamin. 

N. P. Booth, PJC.I.C. 

Professor A. Bum, M.8c., B.£. 

P. W. Hicks. 

B. L. Kessell, M.Sc., Dip. For. 

A. W. Knight, BJSc.. M.E., B.Com. 

Professor A. L. McAulay, M.A., B.Sc., Ph.D. 

D. 0. Meredith. 

W. E. Maclean. 

F. H. Peacock. 

F. B. Richardson, M.A. 

Hon Sir Rupert Shoobridge, M.L.C. 

H. B. Somerset, M.Sc. 

S. W. Steane, B.A. 

F. J. Carter, c/o Premier's Department, Hobart 
{Beoreiary) , 

Other Conmuttea. 

{Oontrolling or advieing on the CouneiVo own work or on eo'Operaiioe work m 
which the Council it acaiiiing.) 

COMMONWEALTH RESEARCH STATION, MERBBIN—CONSULTATIVE 

COMMITTEE. 

B. T. Dickson, B.A., Ph.D., Division of Plant Industry, C.S.I.R. {Chairman). 
Professor J. A. Prescott, D.Sc., Waite Agricultural Research Institute, University 
of Adelaide. 

P. Malloch, Commonwealth Dried Fruits Control Board. 

E. J. Casey, Commonwealth Dried Fruits Control Board. 

A. E. Cameron, representing Advisory Committee. 

A. V. Lyon, M.Agr.Sc., Commonwealth Research Station, Merbein {Becreiary), 

IRRIGATION RESEARCH STATION, GRIFFITH—CONSULTATIVE 

COMMITTEE. 

B. T. Dickson, BA..r Ph.D., Division of Plant Industry, C.S.I.R. {Chairman). 
Professor J. A. Prescott, D.Sc., Waite Agricultural Research Institute, University 

of Adelaide. 

H. N. England, B.Sc., Water Conservation and Irrigation Commission, N.S.W. 

V. C. Williams, representing Advisory Committee. 

E. S. West, B.Sc., M.S., Irrigation ^search Station, Griffith {Becretary). 

COMMONWEALTH .RESEARCH STATION, MERBEIN— ADVISORY 

COMMITTEE. 

A. E. Cameron, Red Cliffs Settlement (Chairman) . 

J. A. Aird, B.l^., B.Agr.Sc., Dip. Com., State Rivers and Water Supply Commis- 
sion, Victoria. 

L. W. Andrew, Waikerie, South Australia. 

P. T. Byrnes, Woorinen, Victoria. 

£. J. Casey, representing Consultative Committee. 

J. Gordon, Citrus Growers’ Association, Merbein. 

W. B. Hawson, First Mildura Irrigation Truet. 

8. Heaysman, Coomealla, New South Walia» 

W. Heaysman, Cardross Horticultural SMety. 

J. A. L^hhead, Mildura Shire Council. 

A. Rawlings, Merbein, Victoria. 

8. P. Taylor, Curlwaa, New South Wales. 

O. Waste, Renmark, South Australia. 

D. C. Winterbottom, Milduta Packers’ Association. 

P. htalloch, representing Consultative Committee. 

R. C. P<dkingnome, Nyah~Woorinen Inquiry Committee. 

D, W. Cockcroft Nyah-Woorinen Inquiry Committee. 

R. Stevens, Nyah-Woorinen Inquiry Committee. 

A. V. Lyon, M. Agr.Sc., Commonwealth Research Station, Merbein (Boorciary). 
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IRRIGATIOK RBSEARCH STATION, GRIFFITH— ADVISORY CX)BiMITT£E. 

V. 0. Williams, Griffith Producars* Co-op. Co. Ltd. (Chatman). 

0. G. Savage, Department of Agriculture, New South Wales. 

R. G. S. Kebby, Department of Agriculture, New South Wales. 

G. Ri. Vincent, Department of Agriculture, New South Wales. 

£. R. Iredale, Rural Bank of New South Wales. 

0. T. Lasscock, Rural Bank of New South Wales. 

H. N. England, B.Sc., Water Conservation and Irrigation Commission, New South 

Wales. 

H. J. Braund, Water Conservation and Irrigation Commission, New South Wales. 
T. T. Morley, Griffith Producers’ Co-op. Co. Ltd. 

0. J. Longhurst, Yenda Producers’ Ck>-op. Soc. Ltd. 

A. B, C. Wood, Yenda Producers’ Co-op. Soc. Ltd. 

J. H. Alexander, Leeton Fruitgrowers’ Co-op. Soc. Ltd. 

W. Jacka, Leeton Fruitgrowers’ Co-op. Soc. Ltd. 

A, G. Enticknap, MX.A., Leeton Co-op. Cannery Ltd. 

H. J. Williams, Leeton Co-op. Cannery Ltd. 

L. B. Merchant, M.I.A. Vegetable Growers’ Association. ' 

W. S. Jones, M.I.A. Vegetable Growers’ Association. 

A. G. Eubank, M.I.A. pastoral interests. 

£. 8. West, B.Sc., M.S., Irrigation Research Station, Griffith. 

R. R, Pennefather, B.Agr.Sc., Irrigation Research Station, Griffith. 

DENILIQUIN RESEARCH STATION— TECHNICAL COMMITTEE. 

B. T. Didcson, B.A, Ph.D., Division of Plant Industry, C.S.I.R. 

Professor J. A. Prescott, D.Sc., Division of Soils, C.S.I.R. 

L. B. Bull, D.V.Sc., Division of Animal Health and Production, C.S.I.R. 

H. R Marston, Division of Biochemistry and General Nutrition, C.S.I.R 

J. G. Davies, B.Sc., Ph.D., Division of Plant Industry, C.S.I.R. 

T. J. Marshall, M.Ag.Sc., Ph.D., Division of Soils, C.S.I.R. 

A. J. Vasey, B.Agr.Sc., Division of Animal Health and Production, C.S.I.R. 

R. R. Pennefather, B.Agr.Sc., Irrigation Research Station, Griffith. 

A. V. Lyon, M.Agr.Sc., Commonwealth Research Station, Merbein. 

O. McL. Falkiner, Boonoke Station, Conargo. 

R. W. Prunster, B.Sc. (Agric.), Division of Plant Industry, C.S.I.R. { Secretary). 

VEGETABLE PROBLEMS COMMITTEE. 

B. T. Dickson, B.A., Ph.D., Division of Plant Industry, C.S.IJ1. {Chairman). 

A. V. Lyon, M.Agr.Sc., Commonwealth Research Station, Merbein, Victoria. 

E. S. West, B.Sc., M.S., Irrigation Research Station, Griffith, N.S.W. 

K. Spencer, B.Sc.Agr., Irrigation Research Station, Griffith, N.S.W. 

L. J. Lynch, B.Agr.Sc., Division of Food Preservation and Transport, C.S.I.R 
E. M. Hutton, B.Ag.Sc., M.Sc., Division of Plant Industry, C.SJJL {Secretary). 

FRUIT PROCESSING COMMITTEE. 

G. Savage, Department of i^riculture, New South Wales (Chairman). 

W. R. Jewell, M.Sc., B.Met., F.RI.C., Department of Agriculture, Victoria. 

W. M. Came, Department of Commerce and Agriculture, Melbourne. 

A. V. Lyon, MA^.Se., Commonwealth Research Station, Merbein. 

A G. Strickland, M.A^.Sc., Department of Amculture, South Australia. 

E. C. Orton, B.^., Commonwealth Rcseifrch Station, Merbein. 

J. R. Vickery, M.Sc., Ph.D., Division of Food Preservation and Transport, C.S.I.R. 
D. G, Quinn, Department of Agriculture, Victoria. 

It. B. Withers, M.Sc., Dip.Ed., Division of Food Preservation and Transport, 

C.S.I.R. {Secretary). 

FLAX RESEARCH ADVISORY COMMITTEB. 

J. A Stevenson, Flax Production Committee (Chairmam). 

I. H. Boas, M.Sc., Melbourne. 

R. B. Hogg, representing the Australian flax spinnera. 

A’b. Wel^l, representing the growers. 
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FISHERIES ADVISORY COMMITTEE. 

Professor W. J. Dakin, D.Sc., University of Sydney (Chainnan), 

T. 0. Roughley, B.Se., Chief Secretary's Department, New South Wales. 

H. Thompson, M.A., D.Sc., Division of Fisheries, C.S.I.R. 

ADVISORY COMMITTEE ON REI^LEGGED EARTH MITE 
INVESTIGATIONS, WESTERN AUSTRALIA. 

S. H. B. Lefroy {Chairman), 

C. F. Jenkins, B.A., Department of Agriculture, Western Australia. 

I. Thomas, Department of Agriculture, Western Australia. 

Professor G. A. Currie, B.Agr.Sc., D.Sc., University of Western Australia. 

A. J. Nicholson, D.Sc., Division of Economic Entomology, C.S.I.R. 

L. W. Phillips, M.Sc., M.Ed. {Secretary). 

VETERINARY ENTOMOLOGICAL COMMITTEE. 

(Formerly the Interdi visional Blowfly Committee; its function is to co-ordinate 
certain activities of the Divisions of Economic Entomology and of Animal 
Health and Production.) 

L. B. Bull, D.V.Sc., Division of Animal Health and Production, C.S.I.R. 

A. J. Nicholson, D.Sc., Division of Economic Entomology, C.S.I.R. 

A. W. Turner, O.B.E., D.Sc., D.V.Sc., Division of Animal Health and Production, 
C.S.I.R. 

D. A. Gill, M.R.C.V.S., D.V.S.M., Division of Animal Health and Production, 
C.S.I.R. (Secretary) . 

NEW SOtHH WALES MEAT RESEARCH ADVISORY COMMITTEE. 

L. J. Ashcroft, Liverpool, New South Wales. 

E. J. Bowater, Messrs. Angliss and Co. Pty. Ltd., Sydney. 

J. M. Davidson, Commonwealth Veterinary Oflirer, Sydney, ie}>re8enting the 

Department of Commerce 

J Merrett, Metropolitan Meat Industry Commissioner, Sydney. 

J. R. Vickery, M.Sc., Ph.D., Division of Food Preservation and Transport, C.S.I.R. 

MINERAGRAPHIC COMMITTEE. 

Emeritus-Professor E. W. Skeats, D.Sc., Melbourne. 

W. E. Wainwright, A.S.A.S.M., Australasian Institute of Mining and Metallurgy 

I 

RADIO RESEARCH B0.\RD. 

Professor Sir John Madsen, B.E., D Sc., University of Sydney (Chairman). 

D. McVey, Melbourne. 

Commander N. A. MacKinnon, R.A.N., Department of the Navy, MellK)urne. 
Major E. W. Anderson, Department of the Army, Melbourne. 

Wing-Cdr. J. W. Redrop, Director of Telecommunications and Radar, Depart- 
of Air, Melbourne. 

R. v.d. R. Woolley, M.A., M.Sc., Ph.D., Mt. Stromlo Observatory. 

Professor T. Parnell, M.A., University of Queensland. 

F. W. G. White, M.Sc., Ph.D., C S.I R. 

F. G. Nicholls, M.Sc., C.S.I.R. (Secrelary). 

ELECTRICAL RESEARCH BOARD. 

Professor Sir John Madsen, B.E., D.Sc., LTniversity of Sydney (Chairman), 

R. Liddelow, Electricity Supply Association of Australia. 

V. Brain, Electricity S^ply Association of Australia. 

D. M. Myers, B.Sc., D.Sc.Eng., Division of Electrotechnology, C.S.I.R. 

F. W. G. White, M.Sc., Ph.D., C.S.I.R. ^ 

F. G. Nicholls, M.Sc., C.S.I.R. (Secretary) . 
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BUILDING MATERIALS RESEARCH ADVISORY COMMITTEE. 


D. V Isaacs, M.C.E., Experimental! Building Station, Department of Post-War 
Reconstruction. 

A. C. Leith, M.C.E., Melbourne. 

G. £. Junck, Melbourne. 

T. J. Cavanagh, Sydney. 


M.C^ M.E., Department of )VorkK and Housing, Melbourne. 

0. McGutcheon, Dip.Arch., Melbourne. 

S. A. Clarke, B.E., Division of Forest Products, C.S.I.R 
P. W. G. White, M.Sc., Ph.D., C.S.I.R. 

1. Langlands, B.E.E., M. Mech.E., Building Materials Research. C.S.I.R 
F. G. Nicholls, M.Sc., C.S.I.R. (Seoretary). 


SCIENTIFIC PUBLICATIONS COMMITTEE. 

A. C. Joyce, C.B.E., Commonwealth Treasury (Chairman). 

A. E. V. Richardson, C.M.G., M.A., D.Sc., C.S.I.R. 

R. v.d. R. Woolley, M.A., M.Sc., Ph.D., Mt. Stromlo Observatory. 


CATALOGUE OF SCIENTIFIC AND TECHNICAL PERIODICALS— 
EDITORIAL COMMITIEE. 

Leigh Scott, M.A., Librarian, University of Melbourne. 

John Metcalfe, B.A., M.L.A., Principal Librarian, Public Library of New South 
Wales. 

C. A, McCallum, B.A., Senior Assistant, Public Library, Melbourne. 

Ellinor Archer, M.Sc., Chief Librarian, C.S.I.R. 


INDUSTRIAL INFORMATION ADVISORY COMMITTEE. 

F. H. Cam{d)ell, D.Sc., Secondary Industries Divi^^ion, Department of Post-War 
Reconstruction, 

R W. Crabtree, B.Se., Technical Information Section, Munitions Supply 
Laboratories. 

E. A. Goode, M.Sc., Technicnl Information Section, Munitions Supply Laboratories. 
C. M. Gray, M.Sc., Information Service, C.S.I.R. 

K. Scholes- Robertson, Secondary Industries Dnihion, Department of Post-^War 
Reconstruction ( Secretary ) ! 


IRRIGATION AND DRAINAGE COMMITTEE FOR SOUTH AUSTRALIA. 

C. M. Fowles, Lands Department, South Australia {C?iairman). 

A. G. Strickland, M.Agr.Sc., Department of Agriculture, South Australia. 

A. V. Lyon, M.Agr.Sc., Commonwealth Research Station, Merbein, Victoria. 

A. C. Gordon, Lands Department, South Australia. 

H. G. Tolley, Engineering and Water Supply Department, South Australia. 

CURLWAA AND COOMEALLA HORTICULTURAL ADVISORY 
COMMITTEE. 

A. V. Lyon, MJIgr.Sc., Commonwealth Research Station, Merbein (Cha i rmm). 
F. H. Barrett, Water Conservation and Irrigation Commission, New 8oit^ 
Wales. 

C. T. Lasscock, Rural Bank of New South Wales. 

S. Heaysman, representing Coomealla Producers. 

J* Bailey, representing Coomealla Producers. 

8. P. Taylor, representing Curlwaa Producers. 

W. Reeves, representing Curlwaa Producers. 

F. S. Oldham, Department of Agriculture, N.S.W. (Secretary). 
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WAKOOL DISTRICT RESEARCH COMMITTEE. 

A. V. Ltoii» M.Agr.Sc., Commonwealth Research Station^ Merbein (Chairman). 

Q. B. Gibbs, Water CQnservation and Irrig^ion Commission^ New South Wales. 
E I. Bolton^ Water Conservation and Irrigation Commission, New South Wales. 

F. Matthews, New South Wales Rural Bank. 

M. St.C. Mclnnes, New South Wales Rural Bank. 

F. Autry-Hall, Department of Agriculture, New South Wales. 

B. Savage, Department of Agriculture, New South Wales. 

A. Varcoe>Cocks, Wakool Shire Council. 

H. J. Robinson, representing Wakool District Landowners* Executive. 

L. Jeffers, representing Wakool District Landowners’ Executive. 

W. R. A. Smith, representing Wakool District Landowners* Executive. 

B. E. Toll, representing Wakool District Landowners* Executive. 

R. W. Prunster, B,Sc.(Agric.), C.S.I.R. 

9. Jackson, representing Wakool District Landowners* Executive {Beoretarff). 

IRRIGATION RESEARCH EXTENSION COMMITTEE ( IffURRUMBIDGEB 
IRRIGATION AREAS). 

C. G. Savage, Department of Agriculture, New Soutli Wales {Chairman). 

R. G. S. Kebby, Department of Agriculture, New South Wales. 

B. O. French, Department of Agi'iculture, New South Wales. 

J. G. Youll, Water Conservation and Irrigation Commission, N.S.W. 

H. N. England, B.Sc., Water Conservation and Irrigation Commission, N.S.W. 

H. J. Braund, Water Conservation and Irrigation Commission, N.S.W. 

E. R. Iredale, Rural Bank of New South Wales. 

C. T. Lasscock, Rural Bank of New South Wales. 

G. £. B. Good, Rural Bank of New South Wales. 

E. 8. West, B.Sc., M.S., Irrigation Research Station. Griffith. 

R. R. Pennefather, B.Agr.Sc., Irrigation Research Station, Griffith. 

D. V. Walters, M.Agr.Sc., Irrigation Research Station, Griffith. 

V. C. Williams, M.I.A. Co-operatives Executive, Griffith. 

O. J. Longhurht, M.I.A. Co-operatives Executive. Yeiida. 

W. Jacka, M.I.A. Co-operatives Executive, Leeton. 

J. H. Carter, Rural Bank of New South Wales {Becretary) . 

TYNTYNDER INVESTIGATION COMMITTEE, SWAN HILL. 

J. D. Wallis, State Rivers and Water Supply Conunission, Victoria {Chadrmom). 
J. A. Aird, B.Sc., B.Agr.Sc., State Rivers and Water Supply Commission, Victoria. 

F. Ro^rson, State Rivers and Water Supply Commission, Victoria. 

A. V. Lyon, M.Agr.Sc., Conunonwealth Irrigation Station, Merbein. 

F. Penman, M.Sc., Department of Agriculture, Victoria. 

E. Pearce, Swan Hill Advisory Board. 

L. M. Barrett, Tyntynder Progress Association. 

NYAH-W’OORINEN INQUIRY COMMITTEE. 

Hon. P. T. Byrnes, M.L.C. {Chairman). 

A. V. Lyon, M,Agr,8c., Commonwealth Researcdi Station, Merbein. 

J. A. Aird, B.Sc., B.Agr.Sc., State Rivers and Water Supply Commission, Victoria. 
J. D. Wallis, State Rivers and Water Supply Commission, Victoria. 

W. Bentley, State Rivers and Water Supply Commission, Victoria. 

F. Penman, M.Sc., Department of Agriculture, Victoria. 

F. M. Read, M.Agr.Sc., Department of Agriculture, Victoria. 

D. D. Brown, Department of Asp-iculture, Vict<yfia. 

D. A. Cockcroft, Dried Fruits Board, Victoria. 

A« McQueen, Department of Commerce. / 

A. S. P. Base^ Packers’ Association. 

A. Westcott, Woorinen Fruit Growers. 

A. E. Jude, Woorinen Fruit Growers. 

D. W. Cockcroft, Woorinen Fruit Growers. 

BL Willoughby, Nyah Fruit Growers, 

G. D. Willoughby, Nyah Fruit Growers. 

R. Stevens, Nyah Fruit Growers. 

L. M. Byrnes, Koraleigh Fruit Growers, 

R. C. Polkinghorne {Secretary). 
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IRRIGATION ENGINEERING COMMITTEE. 

A. V. Ljon, M.Agr.Sc., Commonwealth Research Station, Merbein {Oha4rman)» 

J, A. Airdy B.SCr, B.A^.Sc., State Rivers and Water Supply Commiseion, Victoria* 
T. A. Lang, Stahe Rivers and Water Supply Commission, Victoria. 

F. H. Barrett, Water Conservation and Irrigation Commission, New South Wales. 
F. B. Haigh, First Mlldnra Irrigation Trust. 

J. G. Baldwin, B.Sc., B.Agr.Sc., Division of Soils, C.S.I.R. 

Q. V. F. Clewett, B.E., Commonwealth Research Station, Merbein {Beoreiary), 

COMMITTEE ON OENOLOGICAL RKSEARCH. 

Professor J. A. Prescott, D.Bc., representing the Council for Scientific 
Industrial Research (CKakman), 

C. Haselgrove, representing the Federal Viticultural Council. 

Professor J. B. Cleland, M.D., Ch.M., representing the I University of Adelaide. 

L. N. Salter, representing the Australian Wine Board. 


JOINT FRUIT STORAGE INVESTIGATIONS COMMITTEE, NEW SOUTH 

WALES. 

C. G. Savage, Department of Agriculture, New South Wales (Chairman), 

H. Broadfoot, Department of Agriculture, New South Wales. 

Professor N. A. Burgess, M.Sc., Ph.D., Department of Botany, University of 
Sydney. 

J. R. Vickery, M.Sc., Ph.D., Division of Food Preservation and Transport, C.S.I.R. 

R. N. Roberts^], B.Sc., Ph.D., Division of Food Preservation and TVansport, 
O.R.I.R. 


ADVISORY COMMITTEE ON FRUIT COOL STORAGE INVESTIGATIONS. 

<Eitablished in connexion with the co-operative investigations of the Council 
and the Victorian Department of Agriculture on the cool storage of non- 
tropical fruits.) 

S. Fish, M.Affr.Sc., Department of Agriculture, Victoria. 

F. M. Read, M.An.Sc., Department of Agriculture, Victoria. 

J. R. Vickery, M.Sc., Ph.D., Division of Food Preservation and Transport, C.S.I.R. 
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